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FIELD OF THE INVENTION 

The present invention relates to a novel method for the preparatton of balanol analogues using a 
specially developed combinatorial chemistry scheme The scheme is also especially suited for the 
preparat.on of libranes of balanol analogues. The present invention gives access to novel classes 
of compounds which may have interesting and unexpected structural and functional features, 
and. thus, the present invention also relates to the use of the libraries for screening purposes 
and to the use of novel compounds as medicaments for the treatment of various diseases. 

BACKGROUND OF THE INVENTION 

In traditional medicinal chemistry, an average of 10.000 different compounds are synthesised 
and tested during the process of finding the one active component with the right pharmacological 
and lexicological properties (the drug). The combined experiences from a series of analytical, 
crystallography, synthetic organic and computational chemistry techniques have been collected 
and generated a whole new field often termed "Rational Drug Design" These methods have been 
expected to speed up and facilitate the search for new lead compounds and drugs, but have so far 
20 not proven very effective. Today the average cost for a new drug still runs around US$ 250- 
350.000.000 and it takes an average of 12 years for a new drug to reach the market place. 
Furthermore, in spite of obvious scientific progress during the last couple of decades, many 
diseases are still threatening mankind because of no or insufficient treatment These obviously 
include AIDS, cardiovascular diseases and human cancers but also diseases related to neuro- 
25 degenerative disorders (e.g. Alzheimer's disease), metabolic disorders (Type 2 Diabetes) and 
other diseases affecting not only the quantity but also the quality of life. 

To facilitate this search for novel biologically active compounds, a new chemical/analytical 
technique has emerged. This research area is often termed combinatorial chemistry and it is one 
of the fastest growing research areas in modern organic chemistry. The synthesis and screening 
of vast and diverse libraries of small molecules might lead not only to new drugs but might also 
have a great importance for the discovery of novel synthetic receptors, new materials or new 
catalysts. Most of the reported literature in this field have been concerned with libraries 
consisting of small peptides and oligonucleotides because synthetic protocols for solid-phase 
35 synthesis of these molecules have been optimised for decades. However, small molecules 
represent a larger challenge for the synthetic organic chemist as well hold the potential for 
finding possible leads for the drug discovery process. 
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The generation of chemical diversity using combinatorial chemistry is one of the most active 
fields of modern organic chemistry Initially, research was focused on the generation on peptide 
and nucleotide libraries but more recently • due to the dubious drug-potential for finding 
molecules with activities in other areas such as anesthetics, central nervous system depressants 
such as sedative-hypnotics, anticonvulsants, neuroleptics and anxiolytic agents, drugs to treat 
neuromuscular disorders such as antiperkinsonism agents or skeletal muscle relaxants, 
analgesics, central nervous system stimulants, local anesthetics, cholinergic agonists, 
acetylcholinesterase inhibitors or cholinergic antagonists, adrenergic drugs, cardiac agents such 
as cardiac glycosides, antianginals, and antiarrhythmic drugs, anticoagulants, coagulants, and 
plasma extenders, diuretics, antiallergic and antiulcer drugs, antilipidemic drugs, nonsteroidal 
anti-inflammatory drugs, drugs affecting sugar metabolism, antimycobacterial agents, 
antibiotics or antimicrobial agents, antifungal agents, as pesticides, antiseptics or disinfectants, 
as hormone antagonists, antineoplastic agents for cancer chemotherapy or photochemotherapy, 
antiviral agents or as a potential drugs against HIV-infections and AIDS • the generation of non- 
peptidic small molecule libraries have attracted most of the attention and resources in this field 

Protein kinase C (PKC) belongs to a family of serine/threonine specific kinases which are 
involved in a variety of processes including signal transduction, cell proliferation and cell 
differentiation. Agents that inhibit PKC may have wide ranging therapeutic potential, since 
activated PKC has been implicated in numerous disease processes. These include some 
widespread and severe diseases such as cancer, inflammation, cardiovascular dysfunctions, 
diabetic complications, asthma, central nervous system disorders and HIV infection. 

Balanol is a fungal metabolite, which has attracted significant attention because it possesses 
high PKC inhibiting activity. Furthermore, balanol has a relatively favourable therapeutic index 
compared to staurosporin, which is another known PKC inhibitor. The literature contains 
several examples of total syntheses of balanol in solution (Lampe, J.W.; Hughes, P.F.; Bigger, 
C.K.; Smith, S.R; Hu, R J, Org. Chem. 1994, 59, 5147-5148; Lampe, J.W.; Hughes, P F ; 
Bigger, C.K.; Smith, S.R; Hu, H J. Org Chem. 1996, 61. 4572-4581; Nicolaou, K G ; Bunnage, 
M.E.; Koide. K.J. J. Am. Chem. Soc. 1994, 1 16, 8402-8403; Adams, CP.; Fairway. S.M.; Hardy. 
C.J.; Hibbs, D.E.; Hursthouse, M.B., Morley ( A.D.; Sharp, B.W.; Vicker, N.; Warner, I. J. Chem. 
Soc. Perkin Trans. I 1995, 2355-2362) and some analogues with improved selectivity (Lai, Y -S. 
Stamper, M. Bioorg. Med. Chem. Lett. 1995, 5, 2147-2150; Lai, Y.-S.; Menaldino, D S.; Nichols, 
J. B.; Jagdmann, G. E J.; Mylott, F.; Gillespie, J.; Hall. S. E. Bioorg. Med. Chem. UlL 1996. 5, 
2151-2154; Nicolaou, K. C; Koide, K.; Bunnage, M. E. Chem. Eur. J. 1996, 1, 454-466). However, 
all these syntheses involve numerous synthetic steps and a level of complication in the applied 
chemistry that is not compatible with solid-phase organic synthesis and combinatorial chemistry 
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SUMMARY OF THE INVENTION 

The aim of the present invention is to provide a simplified synthetic scheme for the preparation 
of balanol analogues using solid-pha9e synthesis methodologies. It is believed that a novel solid 
phase method for the preparation of balanol analogues may provide easier access to known 
analogues and also provide hitherto unknown balanol analogues. The synthetic scheme will also 
allow for the easy preparation of combinatorial libraries of balanol analogues 

Thus, the present invention provides a method for the preparation of balanol derivatives of the 
following general formula 1: 

K-C(=0)-A.C(=O)-L»-B*L2.C(=O)-D I 

wherein K-C(=0)- designates a carboxy group or a derivative thereof; each of A and B designates 
an organic biradical; each of L 1 and L 2 independently designates NR*- or -0-, wherein each R 5 
independently is selected from hydrogen, optionally substituted Ci.to-alkyl, optionally substituted 
Ci ao-alkenyl, optionally substituted Ci 20-alkadienyl. optionally substituted Ci 20-alkatrienyl, 
optionally substituted aryl, and optionally substituted heteroaryl, or R3 designates an additional 
bond to B (whereby B becomes a triradical); and D designates optionally substituted aryl or 
optionally substituted heteroaryl; the method comprises the following steps: 

(A) providing an optionally functional group protected moiety -C(=0)-A.C(=0)-M' immobilised to 
a solid support material wherein .C(=0)-M< designates a carboxy group or a derivative thereof; 

(B) coupling an optionally functional group protected difunctional entity f'-B-L 1 * to the -C(=0)- 
M' end of the immobilised moiety C(=0)-A-C(=0)-Mi for the formation of an optionally 
functional group protected immobilised fragment -C(=0)-A.C(=0)-L 1 -B-L , «; 

(C) coupling an optionally functional group protected entity D-C(=0)-M 2 . wherein C(=0)-M 2 
designates a carboxy group or a derivative thereof, to the L* 2 end of the immobilised fragment - 
C(=0)-A.C(=O)-Li-B l/» for the formation of an optionally functional group protected immobilised 
compound -C(=0)-A.C(=0)-Li-B.U.C(=0)-D 1 the step optionally including deprotection of any 
protection group involved in L' 2 ; and 

(D) cleaving the compound K-C(=0).A.C(=0).L^B.1>-C(=0)-D from the solid support material, 
the step optionally including deprotection of one or more functional group(s) attached to A, B, 
and/or D 
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The present invention also provides a method for the preparation of a multi-dimensional array of 
compounds. {AMBMD}, consisting of at least four compounds, preferably in the range of 6-200 
compounds, more preferably in the range of 6-100 compounds, in particular in the range of 8-64 
compounds each having the general formula 1 as defined above, comprising the following steps: 

(A) providing an array {A} of m optionally functional group protected moieties -C(=0).A-C(=0). 
M» immobilised to a solid support material, wherein -C(=0)-M» designates a carboxy group or a 
derivative thereof; 

(B) coupling an array {B> of n optionally functional group protected difunctional entities L'i-B-L'2 
to the -0(=O)-M> end of the immobUised moieties -C(=0)-A-C(=0)-M' for the formation of an 
array {A}-{B} of m»n optionally functional group protected immobilised fragments -C(=0).A- 
O0)-L>-B-L'2; 



(C) coupling an array {D> of o optionally functional group protected entities D-C(=0)-M J . wherein 
-C(=0)-M2 designates a carboxy group or a derivative thereof, to the L'* end of the immobilised 
fragments -C(=0).A.C(=0)-U-B-L'2 for the formation of an array {AMBMD} of m»n»o optionally 
functional group protected immobilised compounds •C(=O)-A C(=0)-L*-B-L 2 -C(=0).D, the step 
optionally including deprotection of any protection group involved in L' 2 ; and 

(D) cleaving the array {A>-{B>-{D} of compounds K-C(=0)-A-C(=O)-Li.B.L2-C(=0).D from the solid 
support material, the step optionally including deprotection of one or more functional group(s) 
attached to individual As. Bs, and/or Ds. 



Some of the novel analogues should not at first sight be expected to have any biological effects 
since they are structurally quite distinct from the original balanol molecule, however it is 
believed that such compounds may be useful as medicaments in that they are expected to have a 
higher specificity than balanol itself. 

Thus, the present invention also provides the use a compound library for screening purposes and 
the use of individual compound as a medicament. 

DETAILED DESCRIPTION OF THE INVENTION 



Definitions 



In the present context, the term "G so-alkyr is intended to mean a linear, cyclic or branched 
hydrocarbon group having 1 to 20 carbon atoms, such as methyl ethyl, propyl, iso-propyl, 
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cyclopropyl butyl, tert-buty\ t iso-butyl cyclobutyl pentyl. cyclopcntyl. hexyl cyclohexyl, 
hexadecyl heptadecyl octadecyl, nonadecyl Analogously, the term "Ci s-alkyl" is intended to 
mean a linear, cyclic or branched hydrocarbon group having i to 6 carbon atoms, such as methyl 
ethyl, propyl, isn-propyl pentyl, cyclopentyl hexyl, cyclohexyl and the term Ti 4-alkyP is 
intended to cover linear, cyclic or branched hydrocarbon groups having 1 to 4 carbon atoms, e.g. 
methyl, ethyl, propyl, iso-propyl, cyclopropyl, butyl, wo-butyl, teri«butyl, cyclobutyl 

Preferred examples of "Ci e-alkyl" are methyl, ethyl, propyl iso-propyl, butyl, terf-butyl. iso- 
butyl pentyl. cyclopentyl hexyl, cyclohexyl in particular methyl, ethyl, propyl iso-propyl. ten- 
butyl iso-butyl and cyclohexyl Preferred examples of "Ci«-alkyr are methyl ethyl propyl, iso- 
propyl butyl terf-butyl, and iso-butyl. 

Similarly, the terms "C 2 ao-alkenyl". "C^ao-alkadienyl", and "Gswalkatrienyl" are intended to 
mean a linear, cyclic or branched hydrocarbon group having 2 to 20, 4 to 20, and 6 to 20. carbon 
atoms, respectively, and comprising one, two. and three unsaturated bonds, respectively. 
Examples of alkenyl groups are vinyl, allyl, butenyl. pentenyl, hexenyl heptenyl octenyl hepta- 
decaenyl Examples of alkadienyl groups are butadienyl, pentadienyl hexadienyl heptadienyl 
heptadecadienyl. Examples of alkatrienyl groups are hexatrienyl heptatrienyl octatrienyl, and 
heptadecatnenyl Preferred examples of alkenyl are vinyl allyl. butenyl especially allyl 

Similarly, the term "C 2 zo-alkynyl" is intended to mean a linear or branched hydrocarbon group 
having 2 to 20 carbon atoms and comprising a triple bond. Examples hereof are ethynyl 
propynyl, butynyl octynyl, and dodecaynyl. 

In the present context, i.e. in connection with the terms "alkyl\ "alkenyl", "alkadienyl", "alka- 
trienyr, and "alkynyl", the term "optionally substituted" is intended to mean that the group in 
question may be substituted one or several times, preferably 1-3 times, with group(s) selected 
from hydroxy (which when bound to an unsaturated carbon atom may be present in the 
tautomeric keto form), Ci e-alkoxy (i.e. alkyl-oxy), Ca 6 -aikenyloxy ( carboxy, oxo (forming a keto or 
aldehyde functionality), Cie-alkoxycarbonyl, C.-e-alkylcarbonyl forroyl, aryl, aryloxycarbonyl 
arytoxy, arylcarbonyl, heteroaryl, heteroaryloxycarbonyl, heteroaryloxy, heteroarylcarbonyl 
amino, mono- and di(Ci^a!kyI)amino; carbamoyl mono- and di<Ci«-alkyl)aminocarbonyl, amino- 
Ci 6-alkyl-aminocarbonyl, mono- and di(Ci «-alkyl)amino-Ci e-alkyl-aminocarbonyl Crs-alkyl- 
carbonylamino, guanidino, carbamido, Ci<-aIkanoyloxy, sulphono, Ci 6-alkylsulphonyioxy, nitro, 
sulphanyl, Cn-alkylthio, trihalogend«alkyl, halogen such as fluoro, chloro. bromo or iodo. 
where aryl and heteroaryl may be substituted as specifically describe above for "optionally 
substituted aryl and heteroaryl". 
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Preferably, the substuuents are selected from hydroxy, Cuvalkoxy, carboxy, Ci e alkoxycarbonyl 
Ci e-alkylcarbonyl formyl, aryl. aryloxycarbonyl. arylcarbonyl, heteroaryl. amino, mono, and 
di(C»*-alkyl)amino, carbamoyl, mono- and di(Ci 6-alkyl)aminocarbonyl amino-Ci e-alkvl-amino- 
carbonyl, mono- and di(Ci 6-alkyl)amino-Ci s-alkyl-aminocarbonyl t Ci s-alkylcarbonylamino, 
carbamido, trihalogen-Ci 4-alkyl, halogen such as fluoro, chloro, bromoor iodo, where aryl and 
heteroaryl may be substituted 1-5 times, preferably 1-3 times, with Ci 4-alkyl, G 4-alkoxy. nitro. 
ammo or halogen. Especially preferred examples are hydroxy, Ci e-alkoxy, carboxy. aryl 
heteroaryl, amino, mono- and di(Ci 6«alkyl)amino, and halogen such as fluoro, chloro. bromo or 
iodo, where aryl and heteroaryl may be substituted 1-3 times with Ci-4-alkyl. Ci^-alkoxy, nitro. 
amino or halogen. 

In the present context the term "aryP is intended to mean a fully or partially aromatic 
carbocyclic ring or ring system, such as phenyl, naphthyl, 1.2,3,4-tetrahydronaphthyl, anthracyl. 
phenanthracyl, pyrenyl, benzopyrenyl, fluorenyl and xanthenyl. among which phenyl is a 
preferred example. 

The term "heteroaryl" is intended to mean a fully or partially aromatic carbocyclic ring or ring 
system where one or more of the carbon atoms have been replaced with heteroatoms, e.g. 
nitrogen (=N- or -NR 5 -, where R 6 is selected from hydrogen and C» 4-alkyl), sulphur, and/or 
oxygen atoms. Examples of such heteroaryl groups arcoxazolyl. isoxazolyl, thiazolyl, iso- 
thiazolyl, pyrrolyi, imidazolyl, pyrazolyl. pyridinyl, pyrazinyl, pyridazinyl, piperidinyl, coumaryl. 
furyl, quinolyl, benzothiazolyl, benzotriazolyl, benzodiazolyl, benzooxozolyl, phthalazinyl, 
phthalanyi, triazolyl, tetrazolyl, isoquinolyl, acridinyl, carbazolyl, dibenzazepinyl, indolyl, 
benzopyrazolyl, phenoxazonyl. Preferred heteroaryl groups are pyridinyl, benzopyrazolyl. and 
imidazolyl. 

In the present context the term "non-aromatic carbocyclic and heterocyclic group" is intended to 
cover rings comprising carbon atoms only (carbocyclic) or carbon atoms together with 
heteroatoms (heterocyclic), respectively. Heteroatoms are typically selected from nitrogen, 
oxygen, and sulphur. Such groups involve no unsaturated bonds or one or several unsaturated 
bonds, however, if present, situated in such a way that no aromatic it-electron system arises It 
should be understood that the radical positions are situated directly on the ring in case of a 
biradical arising from such a group. 

Specific examples of non-aromatic carbocyclic and heterocyclic groups are oxazetane, diazetane, 
thiazetane, oxazolane, imidazolidine, thiazolane, oxazilane, hexahydropyridazine, thiazilane, 
oxazepane. diazepane, thiazepane, oxazocane, diazocane, thiazocane, tetrahydrofuran, dihydro* 
furan, pyrrolidine, tetrahydrothiophen, tetrahydropyran, piperidinc, tetrahydrothiopyran, 
oxepane, azepane, thiepane, oxocane, azocane, thiocane, cyclopropane, oxirane, aziridinc, 
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cyclopropene. azinne. cyclobutane. oxetane. azeudine, thictane, 2-azetidinone. 1.3-lactone 
pyrolidmc. pyrohnc. pyrrole, cyclopentene. cyclopentadiene. pyrollidKjne. pvroll.done. cyclohexvl 
oxtranc, d,oxirane, morphoane, pyridine, l.o-lactone. 1.5-lactam. cyclohexene, cvclohexad.ene 
pipendione. tropane. 1,6-lactone (tropolone,. 1,6-lactam. azepine. d.hydroazep.ne 
tetrahydroazep.no. and hexahydroazepme. Especially preferred examples are ox,ranc. azu-id.ne 
az.nne. oxetane. 2-azetidinone. 1 .3-lactone. pyrohd.ne. pyroline. pyrrole, pyroll.done pyrol- 
luhone, oxxrane, dK>x,rane, morpholine. p^endme. 5-valerolactam (2-p.peridone). 1.5-lactonc 
p.perid.one. tropolone. 1.6-lactam. azepme. dihydroazepme. tetrahydroazepme and 
hexahydroazepme Particularly preferred examples are 2-azetidinone. 1.3-lactone. pyrollidone 
1.5-lactam. ..5-lactono, tropolone. 1.6-lactam. azep.ne. dihydroazepine. tetrahydroazepme. and 
hexahydroazepine. 



In the present context, i.e. in connection with the terms "aryl". "heteroaryl", and Waromatic 
carbocychc and heterocyclic group", the term "optionally substituted" ia intended to mean that 
the group ,n question may be substituted one or several times, preferably 1-5 times, in particular 
1-3 Umes, w.th groupfe) selected from hydroxy (which when present m an enol system may be 
represented ,„ the tautomeric keto form,. C-alkyl. C.-alkoxy. oxo (which may be represented 
>n the tautomenc enol form), carboxy. Cs-alkoxycarbonyl. C, s-alkylcarbonyl. formyl aryl aryl- 
oxy. aryloxycarbonyl. arylcarbonyl. heteroaryl. amino, mono- and di(C 18 .alkyl)am in o; carbamoyl 
mono- and dKC^-alkylJaminocarbonyl. amino-C, 6-alkyl-am.nocarbonyl. mono- and di(C, s-alkyl,- 
ammo-C, s-alkyl-anunocarbonyl, C.-alkylcarbonylammo. guanidino. carbamido. C, e-alkanoyl- 
oxy. sulphono. C, ,-alkylsulphonyloxy. nitro. sulphanyl. dihalogen-C.-alkyl. trihalogen-C, 
alkyl. halogen such as fluoro. chloro. bromo or iodo. where aryl and heteroaryl representing 
substuuente may be Preferred examples are hydroxy. C. ,-alkyl. C.-alkoxy. carboxy C, , 
alkoxycarbonyl. C-alkylcarbonyl. aryl, ammo, mono- and di(C„.alky.)ami„o. and halogen such 
as fluoro. chloro. bromo or iodo. wherein aryl and heteroaryl may be substituted as above 

In the present context the synonymous terms 'organ* biradical" and "biradical" are mended to 
have the meamng normally associated therewuh Thus, such biradicals may be derived from 
pracucally any organ* molecule from which two (non-genunal and theoretical, hvdrogen atoms 
are removed. In the present context, interesting biradicals are either Imear or cychc or compnses 
two or more domains selected from linear and cyclic sub-biradicals. Illustrative examples of 
combmed bu-adkals comprising domains whkh have both linear and cyclic character are 
phenylene-carbonyl-phenylene. methylene-phenylene-methyleneoxy. and methylene-phenylene 

Examples of linear biradicals or domains of a combined biradical are 1-20 carbon atom alkylene 
cha,n optionally interrupted and/or terminated by one or more heteroatoms selected from 0 S 
and NR». and optionally substituted one or several times, preferably 1-5 times, m particular 1-5 
times, wuh substituent(s) selected from optionally substituted Ce-alkyl. optionally substituted 
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C2.fi-alken.vl. optionally substituted CWalkadienyl, optionally substituted Cc^alkatricnyl. 
hydroxy, oxo (thereby forming a keto or aldehyde functionality), -0-R c , formyl. -C(=0)-R e . 
-O-C(=0)-R 6 . carboxy. *C(=0)-0-R 6 , optionally substituted heteroaryl, optionally substituted 
hctcroaryloxy, optionally substituted aryl, optionally substituted aryloxy. halogen such as fluoro. 
chloro. bromo, and iodo, nitro, cyano. -N(R«)2. -Nfll^-CO-R 6 . carbamoyl, mono- or di(Ci «-alkyl). 
amuiocarbonyl, sulphanyl, optionally substituted Cia-alkylthio, optionally substituted Ci e-alkvl- 
thio-Ci s-alkyl, (optionally substituted aryDthio, guanidino. sulphono (-S03H), sulphino ( SO2H). 
halosulphonyl. -0S(0)m-R 6 where m is 2 or 3, -NfR^OVR 6 where m is 2 or 3, S(0)in-N(R 7 )2 
where m is 2 or 3, ^(OWNHCR 7 ) where m is 2 or 3, -S(0)m-NTf2 where m is 2 or 3, isocyano, 
isothiocyano, thiocyano..-OP(0) P (R 6 ) q where p is 1, 2, or 3, q i« 1 or 2, and p+q is 3, 4. or 5, and 
^(R^P^pOR^q where p is 1, 2, or 3. q is 1 or 2, and p+q is 3, 4. or 5; wherein each R* and each 
R 6 independently is selected from hydrogen, optionally substituted Ci 2o*alkyl, optionally 
substituted C2 ao-alkenyl, optionally substituted C4 20-aUtadienyI, optionally substituted Cs.20- 
alkatrienyl, optionally substituted aryl, and optionally substituted heteroaryl; and each R 7 is 
selected from hydrogen and Cm alky 1. 

Especially preferred examples of linear bi radicals or domains of a combined bi radical arc 
substituents are 1-6 carbon atom alkylene chain optionally interrupted and/or terminated by one 
or two heteroatoms selected from 0, S, and NR 5 , and optionally substituted 1-3 times with 
substituent(s) selected from optionally substituted Ci s*alkyl, optionally substituted Os-alkenvi, 
hydroxy, oxo (thereby forming a keto or aldehyde functionality), -0-R 6 , formyl, .C(=0)-R«, 
-0-C(=0)-R 6 , carboxy, -C(=0)-OR 6 , optionally substituted heteroaryl, optionally substituted 
heteroaryloxy, optionally substituted aryl, optionally substituted aryloxy. halogen such as fluoro. 
chloro, bromo, and iodo, cyano, N(R a )2, -NfR^-CO-R 6 , carbamoyl, mono* or di(Ci e-alkyl)amino- 
carbonyl, Ci «-alkylthio, wherein each R 6 and R 7 independently is selected from hydrogen and C». 
4-alkyl, and each R* independently is selected from hydrogen, optionally substituted Ci e-alkyl, 
optionally substituted C2 e-alkenyl, optionally substituted aryl, and optionally substituted 
heteroaryl. 

The biradical may also consist of or comprise one or more cyclic elements, in particular 5- or 6-or 
7-membered cyclic elements. Each such cyclic element may independently be saturated, 
unsaturated or fully or partially aromatic; it may be carbocyclic, or it may be heterocyclic by 
incorporating I, 2, 3, or 4 heteroatoms, typically selected from nitrogen (=N- or -NR*-, where R 6 
is as defined above for the linear biradicals), oxygen or sulphur. In the case of several cyclic 
elements being present, these may be connected through single or double bonds, or they may be 
fused, or combinations thereof. 
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Examples of cyclic biradicals are biradicals of optionally substituted aryl groups and optionally 
substituted heteroaryl groups as well as biradicals of optionally substituted non-aromatic 
carbocyclic and heterocyclic groups 



10 
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As .t will be evident from the general formula I and the definitions associated therewith, there 
may be one or several asymmetric carbon atoms present in the compound 1 depending on the 
nature of the biradicals and the possible substituents. cf. below The compounds prepared 
according to the method of the invention, as well as the compound I per se, are intended to 
include all stereoisomers arising from the presence of any and all isomers of the individual 
moieties as well as mixtures thereof, including racemic mixtures. 

It should furthermore be understood that the compounds of the general formula I include 
possible salts thereof, of which pharmaceutical^ acceptable salta are especially relevant. Salts 
include acid addition salts and basic salts Examples hereof are hydrochloride salts, sodium salts, 
calcium salts, potassium salts, etc.. Pharmaceutical^ acceptable salts are. e.g.. those described in 
Remington s Pharmaceutical Sciences, 17. Ed. Alfonso R.Gennaro(Ed ), Mack Publishing 
Company, Easton, PA, U.S.A., 1985. Furthermore, final products may also be present in hydrate 
form 



20 



Construction of the compounds of the general formula I 



25 



The rationale for the method according to invention is illustrated in Scheme 1, where a 
retrosynthetic analysis of balanol lead to the identification of three main building blocks or 
synthons which are mono-protected aromatic diacids, aminoalcohols and benzoic acid 
derivatives, respectively. 






r =\ OH 
-OH 



••"NH 2 H 




Scheme 1 
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Thus, with reference Scheme I, a number of modification am possible and also realistic within 
the scope of the present invention. For example, the balanol molecule comprises one amide bond 
and one ester bond, corresponding to -L*-C(=0)- and -C(=0)-L 1 -. respectively. However, the 
analogues which are possible within the present invention may comprise two amide bond or two 
ester bonds, or the bonds may be interchanged, so that the e9ter bond corresponds to L2-C(=0)- 
and the amide bond corresponds to -C^O-L 1 -. It is furthermore believed that the benzoic acid 
building block may be represented by any aromatic and heteroaromatic carboxylic acid, and that 
the diacid may be any other dicarboxylic acid of linear, cyclic, non -aromatic or aromatic origin 

The moiety K-C(=0)« in the general formula 1 designates a carboxylic acid (K=OIl) or a 
derivative thereof. It should be understood that any of the carboxylic acid derivatives known in 
the art are possible within the definition of the present invention. However, since the moiety 
-C(=0).K arises when cleaving the compound I from a solid phase resin (when the compound I is 
prepared according to the present invention), the moiety is typically in the free acid form 
(-COOH; K=OH) or in the carboxylate form (-COO ; K=0 ), where the counter ion is selected from 
alkali metals, such as sodium and potassium, alkaline earth metals, such as calcium, and 
ammonium ions (NOOsR 1 ), or is derivatised as the amide (-CONHa, -CONHR. -CONRR'; K= NH2. 
NHR, NRR\ respectively), the hydroxylamide ( CON(OH)H; K=N(OH)H). the hydrazide (- 
CONHNHa, CONHNHR'"; K= NHNHa, NHNHR"', respectively) or the ester (-COOR"; K=R"), 
where each of R, R\ R M , and R ,M independently designates optionally substituted Ci zo-alkyl, 
optionally substituted Ca 20-alkenyl, optionally substituted C4-20-alkadienyl, optionally substituted 
C6 20-alkatrienyl, optionally substituted aryl. or optionally substituted heteroaryl. Furthermore, 
the C-terminal carboxylic acid may be reduced to the corresponding the corresponding aldehvde 
(K=H) in the cleavage step. Preferably, K designates OH, 0". OR\ NH2, NHR. or NRR\ in 
particular OH, methoxy, or NHa, where R and R* are selected from Ci^alkyl and benzyl, and R" 
is selected from Ci-s-alkyl, Ca e-alkenyl, phenyl, and benzyl 

With respect to the biradical A, this may be an aliphatic biradical of the formula 

-<CR3R«) n . 

(i.e. an alkylene chain with no interrupting or terminating heteroatoms) 
wherein n is 1-20, preferably 1-12, in particular 2-8, and 

where each of R 3 and R 4 independently is selected from hydrogen, optionally substituted Ci*- 
alkyl, optionally substituted Cs-a-alkenyl, optionally substituted C4 e-alkadienyl, optionally 
substituted Ce-a-alkatrienyl, hydroxy, oxo (thereby forming a keto or aldehyde functionality), 
-0-R 6 . formyl, C(=0)-R« -0-C(=0)-R 8 , carboxy, C(=O)-0-R«, optionally substituted heteroaryl, 
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optionally substituted heteroaryloxy, optionally substituted aryl, optionally substituted aryloxv 
halogen such as fluoro, chloro, bromo, and iodo, nitro, cyano. -N(R 6 )*, -NCR^-CO-R*. carbamoyl, 
mono- or di(Ci r>-alkyl)aminocarbonyl, sulphanyl, optionally substituted Ci 6-alkylthio, optionally 
substituted G e-alkylthio-Ci e-alkyl, (optionally substituted aryl)thio, guanidmo, sulphono 
(-SO3H). sulphino (-S02H), halosulphonyl, -OS(0) m -R 6 where m is 2 or 3, -NfR^SODVR 6 where m 
is 2 or 3, -S<0)m-N(R 7 )2 where m is 2 or 3, ^(OVNHCR 7 ) where m is 2 or 3, -S(0VNH2 where m 
is 2 or 3, isocyano, isothiocyano, thiocyano, •OP(0) P (R«)<, where p is 1. 2, or 3. q is 1 or 2. and p+q 
is 3. 4. or 5, and •N(R 7 )P(0)p(R*)< where p is 1, 2, or 3, q is 1 or 2, and p+q is 3. 4, or 5; wherein 
each R 5 and each R 6 independently is selected from hydrogen, optionally substituted Ci-zo-alkyl, 
optionally substituted C2 zo-alkenyl. optionally substituted C< 2o-alkadienyl, optionally substituted 
Cea-alkatrienyl, optionally substituted aryl, and optionally substituted heteroaryl; and each R 7 
is selected from hydrogen and G.4-alkyl; where at the mast 5, preferably at the most 3. of the 
substituents R 3 and R 4 are different from hydrogen. 

The substituents R 3 and R 4 are preferably independently selected from optionally substituted 
Cj e-aLkyl, optionally substituted Ca-e-alkenyl, hydroxy, oxo (thereby forming a keto or aldehyde 
functionality), 0-R», formyl, -C(=0)-R« -0-C(=0)-R« carboxy, -C(=0)-0-R 6 , optionally substi- 
tuted heteroaryl, optionally substituted heteroaryloxy, optionally substituted aryl, optionally 
substituted aryloxy, halogen such as fluoro, chloro, bromo, and iodo. cyano, -N(R6)2. -WR^-CO- 
R 6 , carbamoyl, mono- or di(Ci 6-alkyl)aminocarbonyl, Ci s-alkylthio, wherein each R 5 and R 7 
independently is selected from hydrogen and Ci <-alkyl, and each R 6 independently is selected 
from hydrogen, optionally substituted Ci 6-alkyl, optionally substituted G^-alkenyl, optionally 
substituted aryl. and optionally substituted heteroaryl. 

Alternatively, the biradical A, illustrated as the fragment *C(=0)-A*C(=OK could be derived from 
an aliphatic or aromatic dicarbonyl functionaiised moiety, e.g., as illustrated in Figure 1 arid 2, 
wherein X is selected from the group consisting of >NR» >NH. -0-, -Se-, -Te-. -CR l R 2 -. >C=0, 
>C=S, and Y l , Y 2 . R 1 , and R 2 each independently designate substituents as defined as optional 
substituent for aryl and heteroaryl (see above); or Y* together with Y 2 may form a biradical 
which together with the atoms located between these substituents, form(s) a 4 , 5-, 6-. 7- or 
8-membered ring which may be an optionally substituted non-aromatic carbocyclic or 
heteroaroraatic ring or an optionally substituted aromatic or heteroaromatic rings; and each Z 1 
and Z 2 independently designates =N-, =N*R ft -; 

Preferred examples of the biradical A are biradicals either comprising or consisting of cyclic 
biradicals of the following radicals: phenyl, naphthyl, anthracyl, pyrenyl, benzopyrenyl, 
phenoxazonyl, N 8 *phenoxazonyl, quinolyl, benzophenazinyl, ethidium andfluorenyL Especially 
preferred examples are naphthyl, benzopyrenyl, phenoxazonyl, N s -phenoxazonyl ( quinolyl. 
benzophenazinyl, ethidium and fluorenyl; and/or comprising or consisting of linear biradicals of 
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Ihe formula .(CR.R V ; where each of R> and R 4 independently are selected from opnonallv 
substuuted C-alkyl, optionally substuuted C, e-alkenyl. hydroxy, oxo (thereby form.ng a koto 
or aldehyde functionality), -O-R*. formyl, . G (=0).R«, -O.C(=0).Re carboxy. . C (=0).O.R« O pt,o 
nally substuuted heteroaryl, optionally substuuted heteroaryioxy, opt.onallv substuuted aryl 
5 opt,onallv substituted aryloxy. halogen such as fluoro. chloro, bromo. and iodo. cyano 

-N(RJ)-CO.R G carbamoyl, mono- or di(C, «,alkyl)aminocarbonyl. C, e-alkylthio, sulphono (-S0.H) 
sulphmo (-S02H), wherein each R« and R> independently is selected from hydrogen and C, , 
alkyl. and each R« mdependently is selected from hydrogen, optionally substuuted C. s-alkyl 
optionally substituted Oe-alkenyl, opuonally substuuted aryl. and opt.onallv substuuted 
10 heieroaryl. 

These aromatic and heteroaromatic biradicals. A, may be substituted with one or more groups 
selected from the same groups as defined above as suhstituents for the aryl and heteroaryl 



IS 



groups 



Wuh respect to the carbonyl groups neighbouring A in formula I, u should be understood that 
these carbonyl groups may be an integral part of a starting material for the preparation of the 
compound 1 or libraries of the compound I. Thus, m must cases, it is advantageous to use as a 
starung matenal. a cyclic entity carrying two carboxylic acid groups, one of these groups 
20 optionally ,n protected form, and the other group >n the free acid form or ,„ actuated form or 
alternatively the two carboxy groups in internal anhydride form. In this way. A may easily be 
linked to the solid phase material 

Illustrate examples of dicarboxylic acid functional compounds. wh.ch after incorporate into 
25 the compound 1 will represent the fragment -C(=O)-A-C(=0)., are: 

Aromatic and heteroaromatic: 

2.2- .b,quinoline.4.4'.dicarboxylic acid; S-nitro-isophthalic acid; 2.amino.terephthal,c acid; 2- 
bromo-terephthalk acid; 2-nitro-terephthalic acid; 3,6-dichloro.phthaUc acid anhydride 4 5- 

30 dichloro-phthalic acid anhydride; 3-nitro-phthalic acid anhydride; 4-nitro.phthalic acid 

anhydride; homophthalic acid; M'-biphenyLdicarboxylic acid; 2,2-.biphenyl-dicarboxylic acid 

2.3- naphthalene-dicarboxylic acid; 2,6-naphthalene-dicarboxylic acid; LS-naphthalene-di- 
carboxylic acid anhydride; a-nitro-LS-naphthalene-dicarboxylic/acid anhydride. 1.2-phenylen- 
dioxydiacetic acid; embonic acid; 5.S'.dithiobis.(2.nitrobenzoic acid)(3,3-.6); ^-dithiobenzoic 

55 acid; glutamic acic-5.(3carboxy-4-nitro.anilidc); alizarin^methyliminodiacetic acid; 1.4. 

phenylene-diacetic acid; 2.4'.benzophenone.<licarboxylic acid; 2,4 -benzophenyLdicarboxylic acid; 
chelidamic acid; 2.3-pyridine.dicarboxylic acid; 2.4-pyridine.dicarboxylic acid; 2.5-pyridine-di- 
carboxylic acid; 2.6-pyridine.dicarboxylic acid; 3.4-pyridinedicarboxylic acid; 3.5-pyridine.di- 
carboxylic acid; 4,5-pyridine dicarboxylic acid; imidazole^. 5-dicarboxy lie acid; 3.4.5.6-tetra- 
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ehloro-phthalic acid; 2.am.no.4,6-pyr>midine-dicarboxylic acid: 9. lO-anthracene-dicarboxylir 
acid; 1.4-dihydroxy.naphthalene-2,3-dicarboxylic acid; bon2imida2ol.5.6.dicari)oxylic acid: boruo- 
phenone-4.4 -dicarboxyhc acid; 4-methoxy-phthalic acid; naphtidine-;U' dicarboxylic acid; 
naphthalene- l,2 dicarbox y lic acid; naphthalene- 1.3-dicarboxylic acid; naphthalene- 1.4-di- 
carboxylic ac.d; naphthalene-l.5-dicarboxylic acid: naphthalene- 1.6-dicarboxylic acid: 
naphthalene- 1.7 dicarboxyhc acid; naphthalene- 1,8-dicarboxylic ac.d; naphthalene-2.3-di- 
carboxylic acid; naphthalene-2.4-dicarboxylic acid: naphthalene-2.5.dicarboxylic acid; 
naphthaJene-2,7.dicarboxyl.c acid; naphthalene-2,8-d 1 carboxylic acid; pyri m idine-4.6.dicarboxylic 
acid; pyrrazole-36-dicarboxylic acid: and 1, 10.phenanthroline.5.6.dicarboxylic acid; especially 
preferred examples are phthalic acid, isophthalic acid, terphthalic acid, 5-nitro.isophthalic acid. 
2.6-naphthalene dicarboxylic acid, 1,2-naphthaJene dicarboxyhc acid, 2.3-naphthalene di- 
carboxylic acid. biphenyl-M'-dicarboxylic acid, bipb«ny|.2,4' -dicarboxylic acid. 4-methoxy. 
bipheny|.2,4'.dicarboxylic acid, 2.2-.benzophenonedicarbox.vlic acid. 3.3*-oenzophenonedi. 
carboxylic acid, 4,4 -ben2ophenonedicarboxylic acid. Benzophenone2.4'.dicarboxylic acid, 2- 
methoxy.bcn M phenone.2'.5.dicarboxylic acid, 2-methoxy.beniophenone-4 , .5.dicarbox.vlic acid 
6,2 , ,6'.trihydroxy-2.4 , .dicarboxy.bi3phenylmethane. l.I-(6 , .2**,6'-trihydroxy-2 , > 4"-<iicarboxy. 
diphenyl)-ethene. e.Z.ff-trihydroxybenzophenone^. 4 -dicarboxylic acid. S.Zff.trimethoxy- 
ben 2 ophenone-2.4'.dicarbox y li C acid. 2.carboxamido.6.2',6'.trih y droxyben2ophenone.4'.carboxylic 
acid. 2.carboxycthyl-6.2-.6'.trihydrox y ben2ophenone-4'-carboxylic acid. 2-<»rbox y meth y 1.6.2\6'. 
tr *vdrox y benzophenone-4.carboxyh^ 

2.6 -diniethoxy-6-hydroxyben2ophenone-2.4'-dicarboxylic acid 
and 



Linear and non-aromatic: 

oxalic acid; malonic acid; succinic acid; glutaric acid; adipic acid; pimeiic acid; suberic acid; 
azelaic acid: sebacic acid: undecanedioic acid; dodecanedioic acid; tetradecanedioic acid; 
hexadecanedioic acid docosanedioic acid; trans.trans.rauconic acid; methylmaleic acid; 
methylmaleic acid anhydride; (*)- and U-camphoric acid; 1,3-acetone dicarboxylic ac.d; N- 
(acetamidO-iminodiacetic acid; L-aspartic acid; S-carboxymethyl-L-cysteine; ^-(ethylendithio)- 
diacetic acid; malic acid ( + and -); D-penicillamme; phenylauccinic acid; N-fehoaphonomethyl)- 
•mmodiacetic acid; tetrahydrofolk acid; <+ or -) O.^dibenzyl-^tartaric acid; O-th.enyD-malonk 
acid; N-phtaloyl-l-glutamic acid; diphenyl maleic anhydride; cia:i.2.3.6-tetrahydrophthalic acid; 
3,4,5,6-tetrahydrophthalic acid. pyra»ine.2,3-dicarboxylic acid: ticarcillin; chelidonic acid; glycine 
cresol red; cyclopropane- U'-dicarboxylic acid; c y clobutane.l.r.dicarboxvlic acid; l-cyclopentene- 
1.2-dicarboxylic acid anhydride; Lr axobis-^clohexane^arboxvlic acid); cyclopropane- 1,2- 
dicarboxylic acid; (ci 8 *trans) l,4<yclohexandicarboxyUc acid; pyrazine-2,5.dicarboxylic acd; 
piperidine.2.6.dicarboxylic acid; piperidine.3.3-dicarboxylic acid; pyrroline-N-oxide.5.5. 
dicarboxylic acid; y-pyrone^.B-dicarboxylic acid and piperazine-2.6.dicarboxylic acid. 
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With respect lo the biradical B, it is believed that this can bo an aliphatic biradical of the formul 

•(CR 3 R<)n- 

where R 3 , R< and n are as defined above for A. 

Alternatively, B could be derived from an aliphatic or aromatic amino alcohol, e.g.. as illustrated 
in Figure 3. wherein X is selected from the group consisting of >NR6. >NH. -0-, -S-. -Se-, -Te-, - 
CR'R2., >C=0, >C=S, and Y', Y* R», and R* each independently designates substituents as 
defined as optional substituent for aryl and heteroaryl (see above); or Y' together with Y* may 
form a biradical which together with the atoms located between these substituents, form(s) a 4-, 
5-, 6-, 7- or 8-membcred ring which may be an optionally substituted non-aromatic carbocycbc or 
heteroaromatic ring or an optionally substituted aromatic or heteroaromatic rings; and each Z ! 
and Z 2 independently designates =N- f =N*R 8 -; 

Preferred examples of the biradical B are, e.g., biradicals of the following non-aromatic 
carbocychc compounds: cyclopropane, cyclobutane, cyclopentane, cyciopentene, cyclopentadiene, 
cyclohexane, cycloheptane and cyclooctane; the following aromatic or non-aromatic heterocyclic 
compounds: epoxides, aziridines, thioepoxides, oxazetane, diazetane, thiazetane, oxazolane. 
imidazoline, thiazolane, oxazilane, hexahydropyridazine. thiazilane. oxazepane, diazepane, 
thiazepane, oxazocanc, diazocane, thiazocane, tetrahydrofuran, dihydrofuran, pyrrolidine* 
tctrahydrothiophen, tetrahydropyran, piperidine, tetrahydrothiopyran. oxepane. azepane, 
thiepane. oxocane, azocane, thiocane, cyclopropane, oxirane, aziridme, cyclopropenc, aztnne, 
cyclobutane, oxetane, azetidine, thietane, 2-azetidinone, 1,3-lactone. pyrrolidine, pyrroline, 
pyrrole, pyrrolidione, pyrrolidone, oxirane, dioxirane, morpholine, piperidine, 1.5-lactone, 1,5- 
lactam, cyclohexene, cyclohexadiene, pipendione, tropane, 1,6-lactone (tropolone), 1.6 -lactam 
azepine, dihydroazepine, tetrahydroazepine, and hexahydroazepine 

As appears from the above, each of L 1 and U independently designates -NR&- or -0-. wherein 
each R 5 independently is selected from hydrogen, optionally substituted Ciwalkyl, optionally 
substituted Ca ao-alkehyl, optionally substituted C4 2o-alkadienyl, optionally substituted Cs 20- 
allcatrienyl, optionally substituted aryl, and optionally substituted heteroaryl or R B designates 
an additional bond to B (whereby B becomes a triradical). Preferably R a designates hydrogen, 
Ci 4-alkyl or an additional bond to B. In particular, one of L> and U is -0- and the other is -NR*-, 
where R 5 designates hydrogen, Ci^-alky! or an additional bond to B. 
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Thus, interesting and highly relevant starting materials for the preparation of the compounds I 
are I-amino^-hydroxy (optionally substituted)^ , s-alkylenc. where C..«-alkylene is the biradical 
of the radicals defined for C.-e-alkyl and optional substituents are as defined for "alkyl" 

When the aminoalcohol is selected from the group of non-aromatic carbocyclic compounds or 
heterocyclic compounds the hydroxy- and amino-function can be positioned 1.2-. 1.3- , 1.4- or 1 5- 
where applicable, to each other as well as the stereochemical environment of the amino and 
alcohol groups can be positioned either in a cw-configuration where the two substituents are on 
the same side of the nng or could be positioned transconfiguration where the two substituents 
are on the different side of the ring system Likewise, different enantiomers (mirror .mages) and 
diastereoisomers can exist as an inherent result of the chirality in such substituted non-aromatu: 
carbocyclic compounds or heterocyclic compounds. Thus, especially preferred examples arc 
aminoalcohols derived from non-aromatic carbocyclic and heterocyclic compounds where the 
hydroxy and amino function are positioned 1,2 or 1.3 relative to each other, especially 1.2 to each 
15 other. 



10 



Specific examples of aminoalcohols derived from non-aromatic carbocyclic compounds are 2- 
aminoethanol, l-amino^-propanol, 3-amino-l.propanol, 2-amino.l.propanol. 2-amino-2.methyl- 
1-propanol, l ami n o.2-methyl-2-propanol. 3.amino.2methyl- 1-propanol, 2-amino-l-butanol. I- 
20 amino.2.butanol. 3-amino-3.butanol, 3-amino- 1-butanol. 4.am.no.2-butanol. ds 2-amino. 1- 

cyclobutanol, <ro/^2.amino.l. C yclobutanol, famine 1-pentanol, 2-amino-l.pentanol. 3.amino-2- 

pentanol. 2-am.no.3-pentanol, lamino.2.pentanol, ci^-amino-l-cyclopentanol. tra/w.2-am.no-|. 

cyclopentanol, 6-amino-l.hexanol, *rans4.amino.l.cyclohexanol, c«-4-anhno. 1 -cyclohexanol. 

tran S .2-amino.l cyclohexanol. cw-2-ainino.l.cycJohexanol. cw-^amino-l-cyclohexanol. cis-2- 
15 amino^-methyl-l-cyclohexanol. cis-2-amino.5.methyl. l-cyclohexanol. <raiw-2-amino-|. 

cycloheptanol. ci^-amino-l-cycloheptanol. lrow-2-amino-l. cyclooctanol. examine- 1- 

cyclooctanol. 



30 



35 



Specific examples of aminoalcohols derived from heterocyclic compounds arc cw-4-amino-3. 
hydroxy.pyroudine, <miw.4-amino.3- hydroxy-pyrrolidine. c«-4-amino.3.hydroxy-tetrahydro- 
furan. Jroo^-amino-S-hydroxy- tetrahydrofuran. c«-4-amino.3-hydroxy-tetrah.vdroth.ophen. 
^-4-an»™-3hydroxy.tetrahydroth^ 

4- hydroxy piperidine. cw.4-amino.3-hydroxypiperidine. tran5.4-amino.3-hydroxy-piperidine. cu 

5- amino.3-hydroxy.piperidme,tro«.5-amjno.3.hydroxy.piperidine. cw-4-amino-3-hydroxy. 
t e trahydro.2H.pyrane.*r<yw.4.amino.3-hydroxytetrahydro.2H.pyTane. c«.4-amino.3.hydroxy. 
tetrahydro.2H.thiopyrane. traiw.4-amino.3.hydroxy.tetrahydro.2H.thiopyrane. ci^-amincM- 
hydroxy.2.piperidone.<ro7w.^amino.4.hydroxy.2-piperidone.ir(jw.3-amino.4^ 

CM.3.amino-4-hydroxy.a2epane 1 <ran*.4.amino-3-hydroxya2epane.cM-4.amino.3.hydroxy. 
azepane. <'a/w-5-amino-4.hydroxy.azepane. c«.5.amino.4-hydroxy-azepane. ^oiw 3.amino-4. 
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hydroxyoxepane. cw-3amino-4hvdroxy-oxepane *rcms-3-amino-4-hvdroxy-a'/ocane. cw*;i- 
amino-4-hydroxy-a/ocanjE». 

The fragment D-C(=0) in the formula I is obviously derived from an aromatic carboxyhc acid or a 
5 derivative thereof. Thus, it is believed that a huge number of readily (and also commercially) 
available starting materials for the preparation of the compound I can be utilised. Furthermore, 
the chemistry of aromatic compound is quite developed, so the group of accessible compound may 
be further supplemented. 

10 Preparation of the compounds of the general formula I 

The synthesis of the compounds I is exemplified in the following Scheme 2. With reference to the 
general formula I, the biradical A is shown in the schemes as 2,6-naphthylene and 1,2* 
phenylene. respectively. The biradical B may be an aliphatic or non-aromatic carbocyclic or 
15 heterocyclic group or an aromatic or heteroaromatic group. The end group K is OH, L 1 is -0% L 2 
is -NR 5 -, and D is phenyl Furthermore, the solid phase material, symbolised with a box. is a 
Wang resin. 
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The example illustrated in Scheme 2 represents two possible embodiments of the method 
according to the invention. Thus, in each of the steps (A)-(D), variations are possible. In the 
following general guidelines for each of the steps of the method according to invention are given 

SteeiA) an optionally functional group protected moiety -C(=0)-A-C(=0)-M' immobilised to a 
solid support material, wherein -C(=0)*M l designates a carboxy group or a derivative thereof, is 
provided. 

As illustrated in Scheme 2, various possibilities for the immobilisation are comprised within the 
scope of the present invention. Normally, it is preferred to use the diacid in monoester form, in 
that use of the dicarboxylic acid may lead to side product formation due to the lack of mono- 
selectivity in the reaction between the activated solid phase material and the diacid. Thus, it is 
believed, and can also be demonstrated, that used of the dicarboxylic acid in the free acid form 
will lead to a lower yield, such a lower yield may, however, compensate for the resources used 
when preparing, e.g., the monoester. 
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Another example is the case where an internal anhydride of a dicarboxylic acid is used. In the 
cases where the dicarboxylic acid is mono-protected. the protecting group is preferably removed 
in order to provide the carboxy funcUonality in a form, C(=0)-M>. ready for coupling in stop (B) 
Thus, the group M' preferably designates OH or 0" The condiuons for coupling the dicarboxvlic 
acid to the solid phase material is closely connected to the choice of solid phase material and 
linker, and will be described further below. 

SlfiCiB) an optionally functional group protected difunctional entity 1/i-B-L'* is coupled to the 
-C(=0)-Mi end of the immobilised moiety -C(=0)-A-C(=0).M- for the formation of an optionally 
functional group protected immobilised fragment -C(=0)-A.C(=0)-L'-B-L'i. 

First of all. the group .C(=0)-M' should be present in a form susceptible to reaction with the 
entity L-'-B-L* thus, as described above. -C(=0).M' is preferably a carboxy group or a 
carboxylate group, or. alternatively, in reactive form. e.g. in active ester form. Preferably M' is 
OH or O It is clear that the group L ' of the entity L'l-B-L't should end up as L' in the 
compound I. Thus. L'« is, in the case where L« designate -0-. a hvdroxyl group or a derivative 
thereof, preferably a hydroxyl group. In the case where L' designate -NR*-. the group L" is 
preferably the free amino group or a derivative thereof which, under the reaction conditions, will 
liberate a free amino group. Preferably L' 1 is the free amino group, either a primary amine, i.e. 
R* is hydrogen, or a secondary amine. i.e. R» is. e.g.. an C, ,-alkyl group or designates an 
additional bond to B 



As the group L* should remain unaffected by the reaction conditions, it preferably designates a 
protected hydroxy group or a protected primary or secondary amine. Examples of groups L'» are 
0-P (where U is -O-). where P designate a hydroxy protection groups selected from dimethoxy- 
trityl (DMT), monomethoxytrityl (MMT). trityl. 9-(9.phenyl)xanthenyl (pixyl). tetraahydro- 
pyranyl (thp), methoxytetrahydropyranyl (mthp). trimethylsilyl (TMS). triisopropylsilyl (TIPS) 
teributyldimethylsilyl (TBDMS). triethylsilyl. phenyldimethylsilyl. benzyloxycarbonyl, substi- 
tuted benzyloxycarbonyl ethers such as 2-bromo benzyloxycarbonyl. lerl-butylethers, methyl 
ethers, acetyl, halogen substituted acetyls such as chloroacetyl and fluoroacetyl. isobuteryl, 
pivaloyl. benzoyl, substituted benzoyls, methoxymethyl (MOM), benzyl ethers, and substituted 
benzyl ethers such as 2.6-dichlorobenzyl (2.6-CliBzl), and -NR«-P (where L' is NR».), where P 
designates an amino protection groups selected from Fmoc (fluorenylmethoxycarbonyl). BOC 
(tertbutyloxycarbonyl). trifluoroacetyl. allyloxycarbonyl (alloc. AOO. benzyloxycarbonyl (Z. 
Cbz), substitued benzyloxycarbonyls such as 2-chloro benzyloxycarbonyl ((2-CIZ), DDE 
(Bloomberg. G.B., etal.. Tetrahedron Lett. 1993. 34. 4709-4712), monomethoxytrityl (MMT), 
dimethoxytrityl (DMT), and 9-(9-phenyl)xanthenyl (pixyl). 
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The coupling reaction in step (B) will often include a coupling reagent, e g. a reagent which 
converts the group -C(=0).M' into an active derivative, e.g. an active ester or an acid halide A 
number of highly effective coupling reagents and activated forms of carboxylic acids arc know by 
Lhe person skilled in the art of amide bond formation (peptide chemistry). Illustrative examples 
mclude the use of PyBrOP (Carte. J.; Frerot, E.; Jouin. P. and Castro, B. Tetrahedron Lett 1991. 
32, 1967-1970), amino acid fluorides (Carpino. L. A.; Sadat-Aalaee. D.; Chao H G. and DeSelms. 
K. H. J. Am. Chen. Soc.) and HATU (Carpino, L. A. J. Am. Chem. Soc., 1993. lis, 4397.4398; 
Angcll. Y. M.; Garcia-Echeverria. C. and Rich, D. H. Tetrahedron Lett. 1994. 35, 5981-5984, and 
Angell. Y. M.; Thomas. T. L.; Flenkte. G. R. and Rich, D. R. J. Am. Chem. Soc. 1995. 117. 7279- 
7280), PyBOP (Frerot. E.. et al.. Tetrahedron, 1991. 47(2). pp 259-270), and CF.vNOz-PyBOP 
(Wijkmans. J.C.H.M.. et al. Tetrahedron Lett 1995. 38(26). pp 4643-4646) A coupling reagent 
will be equally applicable for the formation of an amide bond as for the formation of an ester 
bond. 



SiSniQ: an optionally functional group protected entity D.C(=0)-M*. wherein C(=0)-M* 
designates a carboxy group or a derivative thereof, is coupled to the L*« end of the immobilised 
fragment •C(=0).A.C<=O).L>.B-l/' for the formation of an optionally functional group protected 
immobilised compound -C(<>).A.C(=0).L'.B.L*.C(=0).D, the step optionally including 
20 deprotection of any protection group involved in L'*. 

As described under step (B), the group L'» typically includes a protecting group, thus, in that 
case, such a group should preferably be removed before coupling of the entity D-C(=0)-M* to the 
immobilised fragment. With respect to the group -C(=0).M». it may be a carboxy group or 
derivative thereof. In one variant the group -C(=0).M» is a reactive derivative of a carboxylic 
acid, e.g. an active eater or the acid halide. e.g. the acid chloride or fluoride. In another variant, 
the group -C(=0)-M» is the free acid or the carboxylate thereof. In the latter case, the reaction 
typically involves the use of a coupling agent. Thus, M* may designate OH. O" halogen such as 
fluoro or chloro. or the remainder of an active ester 



SlejLffi): the compound K.C(=0).A.C(=0)-L'-B-L*.C(=0)-D is cleaved from the solid support 
material, the step optionally including deprotection of one or more functional group(s) attached 
to A, B, and/or D. 

The conditions for cleaving the compound from the solid phase material is described below in 
connection with the examples of solid phase materials. The cleavage step may. where applicable 
include deprotection of one or more protected functional groups. It should be understood that 
deprotection may be performed before cleavage or after cleavage of the compound from the solid 
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phase material. Furthermore, in an interesting instance, deprotection is performed 
simultaneously to cleavage of the compound from the solid phase material The latter possibility 
applies when a Wang resin is used. In this instance trifluoroacetic acid (TFA) is used for 
cleavage of the compound and deprotection of any Boo amino protecting groups. 

5 

In the present context the term ''optionally functional group protected" and similar terms are 
intended to mean that in the case where any of the groups in question, e.g. any or all of A, B, 
and D, comprises a chemical functionality (or several chemical functionalities) which is/are 
susceptible to reaction, alteration or degradation under the reaction conditions in question or 

10 due to the lack of regioselectivity of the reagents used, such chemical functionalities may be 

protected. Protection of the starting materials may be performed, or protection may be performed 
prior to the potentially harmful reaction in a separate reaction step or protection may be 
included in the reaction step. Protection of chemical functionalities may also become relevant in 
the cases where the unprotected variant of the compound in question is difficult or virtually 

15 impossible to purify. In such cases a protecuon-puhflcation-deprotcction scheme may be applied. 
Protecting groups were used according to state- in -thwart procedures such as those described by 
Greene. T. W. and Wuts, P. G. M. (Protecting Groups in Organic Synthesis). Preferred protecting 
group 8 are the protecting groups frequently used in solid-phase syntheses, peptide synthesis (see 
e.g Steward, J. M. & Young. J. D., Solid Phase Peptide Synthesis, Pierce Chemical Company 

20 (1984) or Robert C Sheppard £. Atherton, Solid-Phase Peptide Synthesis. 1RL Press, 1989), 
oligonucleotide synthesis (see e.g M.J Gait. Oligonucleotide Synthesis. IRL Press, 1984), 
oligosaccharide synthesis, organic synthesis and during synthesis of natural products. Protection 
groups are especially relevant for the amino groups, hydroxy and me reap to groups, and carboxy 
groups in that they may directly interfere with the reactions performed in the steps (B) and (C) 

25 Thus, protection groups, among numerous are well know to the person skilled in the art. may 
not just be desirable but also necessary in order to suppress side product formation. 

Possible protection groups comprise, but is not limited to, the amino protection groups such a6 
Fmoc (fluorenylmethoxycarbonyl), BOC (tert-butyloxycarbonyi), trifluoroacetyl. allyloxycarbonyl 

30 (alloc, AOC). benzyloxycarbonyl (Z, Cbz) or substitued benzyloxycarbonyls such as 2-chloro 
benzyloxycarbonyl ((2-C1Z), ODE (Bloomberg, G.B., el ai., Tetrahedron Lett 1993. 34. 4709- 
4712), monomethoxytrityl (MMT), dimethoxytrityl (DMT), and 9-(9-phenyl)xanthenyl (pixyl); 
hydroxy protection groups such as dimethoxytrityl (DMT), monomethoxytrityl (MMT), trityl, 9- 
(9-phenyi)xanthenyl (pixyl), tetraahydropyranyl (thp), methoxytetrahydropyranyl (mthp), tn- 

35 methylsilyl (TMS), triisopropylsilyl (TIPS), (ert-butyldimethylsilyl (TBDMS), triethylsilyl, 

phenyldimethylsilyl, benzyloxycarbonyl or substituted benzyloxycarbonyl ethers such as 2-bromo 
benzyloxycarbonyl, tert-butyiethere, methyl ethers, acetyl or halogen substituted acetyls such as 
chloroacetyl or fluoroacety), isobutyryl, pivaloyl, benzoyl and substituted benzoyls, methoxy- 
methyl (MOM), benzyl ethers or substituted benzyl ethers such as 2,6-dichlorobcnzyl (2,6- 
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CIsBzl); carhoxy protection groups such as ally I esters, methyl esters, ethyl esters. 2-cyanoet.hyl- 
esters, trimethylsilylethylesters. benzyl esters (Obzl), 2-adamantyl esters (O-2-Ada), cyclohexvl 
esters (OcHex). 1,3-oxazolines. oxazoler, 1.3-oxazolidines. amides or hydrazides. or in tho form of 
an activated ester such as an N-hydroxysuceinimide or an symmetric or asymmetric anhydride; 
and mercapto protecting groups such as tntyl (Trt), acetamidomethyl (acm). trimethylacetamido- 
methyl (Tacm). 2,4.6-trimethoxybenzyl (Tmob). tert-butylsulfenyl (StBu). 9-fluorenylmethyl 
(Fm), 3-nitro-2-pyridinesulfenyl (Npys), and 4-methylbenzyl (Meb) 



Deprotection of any "optionally protected functional groups" is performed by methods known by 
the person skilled in the art. e.g. as described in Greene. T. W. and Wuts, P. 0. M. (Protecting 
Groups in Organic Synthesis). 



The compounds of the invention may be prepared by any well known methods or coupling 
reactions for the preparation of amide and ester bonds. Such coupling reactions for establishing 
amide bonds, as well as ester bonds, between an compound fragment immobilised to a solid 
phase material and a second chemical species are known for the person skilled in the art of solid 
phase synthesis. An example is the well-established Merrifield solid phase synthesis methodo- 
logy (e g. Barany. G., and Merrifield. R.B. in The Peptides. Vol. 2, Academic Press, New York. 
1979, pp 1-284). 



In the present context the term "solid phase material" is intended to comprise solid phase 
materials know in the art. Especially suitable solid phase materials (polymers) are based on 
polystyrene cross-linked with 0.2-2% divinylbenzene and functionalised as described in the 
literature to yield resin of the so-called "Wang-type" (Wang. S. -S..J. Am. Chem. Soc.. 1973 94. 
1328 1333) a poro-alkoxybemyl alcohol resin which yields the free acid upon treatment and 
cleavage with trifluoroacetic acid/dichloromethane (1:1. v/v) for 30 minutes at room temperature 
or a resin of the so-called "Rink-type" (Rink, H. Tetrahedron Lett., 1987. 28. 3787-3790) ) a 
trialkoxy-diphenyl-methylester resin which yields the acid amide upon treatment and cleavage 
with trifluoroacetic acid/dichloromethane (3:7, v/v) for 60 minutes at room temperature. 
Likewise, the resins can be based on polystyrene cross-linked with 0 2-2% divinylbenzene and 
grafted with polyethyleneglycol (PEG) to yield the so-called "TentaGel resin" which have better 
and more uniform swelling characteristics in polar solvents that the parent polystyrene resins 
(Bayer. E Angew. Chem. InL Ed. Engl., 1991, 30. 113-129). Resins of similar characteristics 
given from PEG-modified are commercial available with many different functionalities and are 
sold under trade names such as ArgoGel. PEGA resin or PEG-PS from various different vendors 
(e.g. Argonaut Inc.. Peptide Laboratories. NovaBiochem. etc.). 

In a further embodiment of the methods of present invention, the compound 1 may after cleavage 
from the solid phase material undergo a further reaction step (E) for the formation of another 
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compound of the general formula I. This reaction step may be especially relevant when 
modification of the group K-C(=0)- is desired due to the fact that the variability of this fcruup is 
governed by the applicable method for cleavage of the compound from the resin 

Preparation of monoesters of dicarboxylic acids 

As the first step in the preparation of the compounds I involves the moiety -C(=0)-A-(=0)*, it is 
evident that a diacid HOOC-ACOOH, e.g. in the free acid, monoester, or internal anhydride 
form, may be used when providing the immobilised moiety -C(=0)-A-C(=0)-M< 

In order to be able to utilise a wide range of bifunctional aromatic and heteroaromatic molecules 
in the synthesis of compounds I, the accessibility to synthetic routes towards, e.g., aromatic 
dicarboxylic acid monoesters are advantageous. Three different syntheses have been described in 
Tong, G. and Nielsen. J. Bioorg. Med. Chem. 1996, 4, 698-698.. The first method is based on the 
esterification, in particular the allylation, of the monocesium salt of a dicarboxylic acid, 
exemplified herein as esterification of naphthalene-2.6-dicarboxylic acid with ally] bromide 
(Example 3). The second one is based on the use of anion exchange resins to block off one of the 
carboxylic acid groups while the other undergoes esterification (Blankemeyer-Menge, B.; Nimtz, 
M. and Frank, R. Tetrahedron Lett 1990, 31 1701-1704). A third possible route it the selective 
deesterification of dicarboxylic acid diesters. A further possibility is using phase transfer 
chemistry (Friedrich-Bochnitschek S., J. Org. Chem. 54, 1989, 751-756). Advantageous 
conditions for the production of the monoester with a minimum yield of the diester were an 
equimolar amount of CS2CO3 added in small portions over an extended period such as 16 h. and 2 
equivalen ts of ally 1 bromide. Obtainable yields of the purified monoester are at least 30% An 
alternative method based on the adsorption of the naphthalene diacid onto an anion exchange 
resin followed by reaction with mesithylenesulphonylnitrotnazolide (MSNT). N-methylimidazole 
and allyl alcohol produces the desired monoester. The third method is based on the possibility of 
mono-deesterification of certain aromatic dimethyl esters. Synthesis of the mixed methyl-allyl- 
diester followed by selective demethylation (NaCN/HMPA(hexamethylphosphoramide)) yields 
the corresponding monoallyl ester. 

Preparation of libraries of compounds of the general formula I 

The preparation of compound libraries of balanol analogues follows the same principles as 
described above for the preparation of single analogues. In order to ensure that a suitable 
amount of each of the theoretically obtainable compound were formed in a suitable amount, the 
split mix synthesis method (Kurka f A.; Sebestyftn, F.; Asgedom, M.; DibG, G. Int. J. Peptide 
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Protein Res 1991. 37, 487 493) was applied. Other method may also be applicable within the 
context of the present invention. 

Thus, the present invention further provides a method for the preparation of a multi- 
dimensional array, {A}-{B}-{D}, i.e. a combinatorial library, of compounds consisting of at least 
four compounds each having the general formula I 

K-C(=0)-A-C(=0)-Li-B.L2.C(=0).D j 

as defined above. Such an array is constructed by combining an array {A} consisting of m 
compounds corresponding to the biradical -C(=0)- A C(=0)- with an array {B} consisting of n 
compound corresponding to the biradical -L l -B-L 2 - and an array {C} consisting of o compound 
corresponding to the radical -C(=0)-D. The total number of compound is depending on the 
number of fragments, i.e. m, n, and o. These numbers, m. n. and o, are all positive integers, and 
in order for the multi-dimentional array to comprise at least four compound the product m*n«o 
must be at least 4. Although the combination where one of m, n. and o is four and the other two 
numbers each are one is possible within the method of the present invention, it is preferred that 
at least two of the numbers, preferably all three, are at least two, so that the highest degree of 
diversity of the combinatorial library is obtained. Thus, it also is preferred that the combinatorial 
library comprises in the range of 6-200 different compound, more preferably 6- 100 different 
compounds, and in particular 8-64 different compounds. 

As mentioned above, the preparation of a multi-dimensional array/library of compound follows 
the same principles as for the preparation of single compounds, and, thus, the synthetic scheme 
comprises the following steps (described for the case where the split-mix synthesis is used): 

Si£!L£A): an array {A} of m optionally functional group protected moieties -C(=0)-A-C(=OVM> 
immobilised to a solid support material, wherein -C(=0)-Mi designates a carboxy group or a 
derivative thereof, is provided Following the split-mix synthesis, each of the types of 
immobilised moieties are syntheaised individually, thus, each solid phase particle or entity, 
comprises only one type of moiety. After this step the solid phase material is pooled and split into 
n (see below) portions ready for the step (B). It should be understood that larger amounts of the 
immobilised moieties may be prepared leaving material for later experiments., 

StfiCiB): an array {B} of n optionally functional group protected difunctional entities L'^B-L' 2 is 
coupled to the C(=0)-M> end of the immobilised moieties -C(=0)-A.C(=0)-M> for the formation of 
an array iA} {B) of m*n optionally functional group protected immobilised fragments -C(=0) A- 
C(=0).L».B.L , » Also in this step to coupling is preferably performed in n different batches where 
the reacted material is pooled and split for the next coupling step, i.e. step (C). 
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StfifiiC): an array {D| of o optionally functional group protected entities n-C(=0).M*. wherein 
C(=C))-M2 designates a carboxy group or a derivative thereof, is coupled to the i:» end of the* 
immobilised fragments •C(=0).A.C(=0)-L'.B-L , 2 for the formation of an array <A}.<BMD} of m-n-o 
optionally functional group protected immobilised compounds C(=0)-A-C(=0).Li.B-LU:(=0).D 
the step optionally including deprotection of any protection group involved m L'». Also in this 
step the coupling is preferably performed in o different batches. The reacted material need not 
necessarily to be pooled before cleavage in step (D). 

SieoiD): cleaving the array {A}-{B}-{D} of compounds K-C(=0)-A-C(=0)-L'-B L2-C(=0)-D from 
the solid support material, the step optionally including deprotection of one or more functional 
group(s) attached to individual As. Bs. and/or Ds. It should be understood that the o different 
batches from step (C) may be cleaved individually or the batches may be pooled before cleavage. 
Pooling before cleavage may be advantageous seen from an economical and handling point of 
view. However, in the case where an analysis of the prepared library is to be performed, it is (of 
course) advantageous to operate with a relatively low number of compounds. Thus, the array of 
nvn^o compound may actually be present in o batches each containing m-n compound. These 
compound may then be pooled, e.g. before the actual screening is conducted. Alternatively, each 
of the batches may be screened individually. In a third and most interesting alternative, the 
library consisting of the combined batches (or a number of these) containing (up to) m«n«o 
compound is screened, and in the case where biological activity is identified, each of the o 
batches are screened individually thereby pointing back to one specific moiety D as biologically 
interesting. The principles of screening are discussed in the following. 

Method of screening 

Screening of combinatorial libraries may be performed in any of the ways generally used by 
scientists and technicians skilled in the art These include but is not limited to screening of 
individual compounds, by deconvolution of libraries containing mixtures, by positional scanning 
of libraries of mixtures or by screening sub-libraries in an index library mode. Therefore, library 
format* could be as single compounds i.e. one vial would be containing one single compound, 
small mixtures of isomeric compounds where stereoisomer would be included in the form of 
enantiomers, diastereomers, geometrical or positional isomers, as mixtures of typically 10-100 
compounds per vial to allow fast deconvolution down to the active substance, or as large 
mixtures of more than 100 compounds per vial to allow for rapid screening of vast combinatorial 
libraries. Screening are performed in assay formats usual for the high throughput mode, 
typically using 96 well format. 384 well format or other mieroplate formats compatible with 
automation in the search of enzyme inhibitors, receptor agonist, partial agonists, as well as 
neutral antagonists and negative antagonists (inverse agonists). 
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By such screening methods it is envisaged that biological activity of ihe compound I prepared 
according to the present invention will bo demonstrated Thus, it is believed that biological 
activity within one of tho following fields can be shown: 

(a) Biological effects interesting in the treatment of mammals such as human beings: 
anesthetics, central nervous system depressants such as sedative-hypnotics, anticonvulsants, 
neuroleptics and anxiolytic agents, drugs to treat neuromuscular disorders such as 
antiperkinsonism agents or skeletal muscle relaxants, analgesics, central nervous system 
stimulants, local anesthetics, cholinergic agonists, acetylcholinesterase inhibitors or cholinergic 
antagonists, adrenergic drugs, cardiac agents such as cardiac glycoside analogs, antianginals, 
and antiarrhythmic drugs, anticoagulants, coagulants, and plasma extenders, diuretics, 
antiallergic and antiulcer drugs, antilipidemic drugs, nonsteroidal antiinflammatory drugs, 
drugs affecting sugar metabolism, antimycobacterial agents, antibiotics or antimicrobial agents, 
antifungal agents, antiseptics or disinfectants, as hormone antagonists, antineoplastic agent* for 
cancer chemotherapy or photochemotherapy. antiviral agents or as a potential drugs against 
HIV-infections and AIDS. 
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(b) Biological effects interesting in the field of crop protection: compounds affecting sugar 
metabolism, antibiotics or antimicrobial agents, antifungal agents, such as pesticides, 
disinfectants, and hormone antagonists. 

Thus, a further aspect of the invention is to provide novel compounds for the use as a 
medicament, and to provide the use of novel compounds for the manufacture of a medicament for 
one or more of the above mentioned. A still further aspect is to provide novel compound for the 
for the use in crop protection. 

DESCRIPTION OF THE DRAWINGS 

30 F.gures 1 and 2 illustrate various examples of biradicals A. The meanings of the symbols are 
defined above 

Figure 3 illustrates various examples of biradicais B The meanings of the symbols are defined 
above. 
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Example 1 

Procedure for the synthesis of N-Fmoc-aminoalcohols 

N-Fmoc-l-amino-2-propanoL Procedure as above starting from lammo-2propanol White 
solid (100%). Mp 120-123»C 'H NMR (CDCb) d 7 8 (d. 2H. J = 6.5 Hz), 7.6 (d. 2H. J = 6.5 Hz), 7. < 
(m, 4H), 5.2 (m, 1H) ( 4 5 (d, 2H. J = 6.8), 4.2 (t, 1H. J = 6.8), 3.9 (m. 1H). 3.3-3. 1 (m. 2H), 2.5 (m. 
1H), 1.2 (d, 3H, J = 6.0)..'3CNMR(CDCh)d l 56.0 143.8 I4L2 127.6 127.0 124.9 119.9 67.3 66.7 
48.2 47.2 20.6. 

N-Fmoc-2-amino-l-butanol. Procedure as above starting from 2-amino-l-butanol. White solid 
(96%). Mp 127- 131*C. 'H-NMR (CDCb) d 7.8 (d, 2H, J = 6.5 Hz), 7.6 (d, 2H, J = 6.5 Hz), 7.4 (m, 
4H), 4 9 (m, 1H), 4.5 (d, 2H, J = 7 Hz), 4.2 (t, 1H, J = 7 Hz). 3.6 (m, 3H). 1.9 (m. 1H). 1.5 (m. 2H), 
1.0 (t, 3H), >*C-NMR (CDCla) dl56.0 144.0 142.0 127.6 127.0 124.9 1 19.9 66.5 65.0 54.7 47 3 24.3 

10.4. 

N-Fmoc-3-amino-l-propanol. Procedure as above starting from 3-amtno* I-propanol. White 
solid (95%). Mp 1 15-1 1*>C. 'H-NMR (CDCb) d 7 8 (d. 2H. rJ=6 5 Hz). 7.6 (d. 2H. J=6.5 Hz), 7 4 
(m, 4H), 5.1 (m, 1H), 4.5 (d, 2H, J=7 Hz), 4.2 (t. IH, J=7 Hz), 3.7 (m, 2H), 3 4 (q. 2H) ( 2 6 (m, 1H), 
17 (p, 2H) 13 C-NMR (CDCb) d 142 136 128 127 125 120 67 60 48 38 33 

trana-N-Fraoc-4-amino-cycloheMnoL Procedure as above starting from *rans-4-amino- 
cyclohexanol. White solid (37%). Mp 208-210»C. 1 H-NMR (DMSO-de) d 7.9 (d, 2H) f 7.7 (d, 2H), 7.4 
(m, 4H). 4.3 (m, 3H), 3.9 (m, 6H), 3.3 (s, IH), 1.7 (m ( 2H), 1.2 (m, 2H). I3 C-NMR (DMSO-de) d 
155 3 143 9 140 7 127 6 127 0 125.2 120 0 68.1 65. 1 49.2 46.8 34.0 30.5. 

Example 2 

Procedure for the synthesis of aromatic dicarboxylic acid 

(a) Methylation of phenolic alcohol 

2-Nitro-5-methyl-anisole. To a suspension of 4.6 g (30 mmol) 2-nitro-5-methyl-phenol and 20.7 
g ( 150 mmol) dry KiCOa in 150 ml acetone was added 42.6 g (300 mmol) Mel The reaction 
mixture was stirred at reflux 16 h, then cooled, filtered and concentrated in vacuo. The residue 
was redissolved in EtOAc. filtered and concentrated in vacuo to afford light yellow solid 4.9 g 
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(98%). Mp 5fi-57-C. <H NMR (CDCb) d 7.8 (d. 1H. J = 8.4 Hz). 6.9 ( s , |H). 6.8 (d. Ifl. J = 8 4 Hv) 
4 0 (s. 3H). 2.4 (s, 3H) "C NMR (CDCb) d 153 1 145 9 125 8 120.8 1 13.9 108.5 56.2 21.8. 

2-Metfayl-3-nitro-anisole. Procedure as above starting from 2-methyl.3. n uro.phenol Yellow 
sohd (91%). Mp 51-52* >H NMR (CDCb) d 7.3 (d. 1H. J = 8.0 Hz). 7.2 (t. 1H.J = 80H 2 ) 7 0 (d 
1H. J = 8.0 Hz). 3.9 (s. 3H). 2.3 (s. 3H). '3 C NMR (CDCh) d 158.2 150.8 132 1 126 5 1 15 4 . n fi 
55.9 11.2. 

2-Nitro-3.methyl-anisole. Procedure as above starting from 2.nitro.3-methy|.phenol Yellow 
solid (98%). Mp 46-4*0. >H NMR (CDCb) d 7.3 (t. 1H. J = 8.5 Hz). 6.9 (d. 1H, J * 8.5 Hz) 6 8 (d 
1H. J = 8.5Hz). 3.9 (3, 3H). 2.3 (s. 3H). "C NMR (CDCh) d 150.6 130.7 130.5 122 4 1 10.0 109 8 
56. 1 16.7. 
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(b) Hydrogenation of the nitro group 

2-«etho,y-4Hnethyl-aniline. To a solution of 4.9 g (29.3 mmol) 2-nitro-5-meth y l.anisole in 100 
ml EtOH and 5 ml cone. HCI under an N 2 atmosphere was added 250 mg 5% Pd on charcoal The 
solution was hydrogenated at 200 psi and room temperature. After 16 h the reaction mixture was 
filtered through Celite and concentrated in vacuo The residue was chromatographed in hexane- 
/EtOAc 11 to afford red oil 2.8 g (70%). 'H NMR (CDCb) d 6.7 (m. 3H), 3.9 (s. 3H) 37(s 2H) 
2.4 < s , 311) ,3 C NMR (CDCU)d 147 0 133.2 127 7 120.9 114.8 111. 1 55. 120.7. 

2-methyl-3-methoKy-anili«e. Procedure as above starting from S-mtro^methyl-amsole Red 
oil (60%). -H NMR (CDCb) d 7.1 (t, 1H, J = 8.0 Hz), 6.5 (dd. 2H. J = 8.0 Hz). 3.9 (s. 3H) 3 8 (s 
2H), 2.2 (s, 2H). >*C NMR (CDCb) d 157.8 145.4 126.2 109.9 108. 1 100.7 55. 1 8.5. 

(c) Diazotation of an amino group 10 a nitrile group (Sandmeier). 

2-methyl-3-methb,y.b.n«onitrile. A solution of 2.5 g (18 mmol) 2.methyl-3.methoxy.anil,ne 
m 5o ml 2N HCI was cooled to .5* in a «:e/salt bath and stirred for 30 min. A solution of 1 37 g 
(19.8 mmol) NaNC, in 28 ml H.0 was added dropw.se at .frC. The reaction mixture was stirred 
30 mm. and neutralised carefully with approximately 3.7 g Na,C0 3 , then a solution of 1 8 g (19 8 
mmol) CuCN and 1.9 g (39.6 mmol) NaCN in 28 mi H2O was added in one portion. After 18 h the 
reaction mixture was extracted with 3-100 ml CHCb. The combined orgamc phases was extrac 
ted with H^. dried with Na*SO« and concentrated in vacuo to afford dark red oil 2 0 g (75%) IR 
data 2222 cm » (CN) -H NMR (CDCb) d 7.2 (q. 1H, J = 7.7 Hz). 7. 15 (dd. 1H. J = 7.7 Hz, J = I "5 
Hz). 7.0(dd. lH,J = 7.7Hz.J= 1.5 Hz). 3.9(s. 3H). 2.4 (s. 3H). 13 C NMR (CDCb) d 157 5 1308 
127.1 123.7 117.9 113.9 1 13.5 55.4 14.1. 
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(d) Synthesis of benzophenone. 

3,3'-dimethyI-benzophenoae. To 3.6 g (1 10 mmol) Mg-turnings under 10 ml THF was added a 
5 Iodine Crystal and '/« of 17. 1 g (100 mmol) 3-bromotoluene. The mixture was heated to 40°C and 
after a while the Gngnard reaction started. The rest (3/4) of the 3-bromoto)uene in THF was 
added in such a rate to maintain reflux After addition the reaction mixture was reflux for 1 h. 
cooled to room temperature and added drop wise to a solution of 7.3 g (63 mmol) 3-methyl-benzo- 
nitrile in 40 ml toluene at room temperature, then kept at 70°C for 16 h. The reaction mixture 

10 was cooled on an ice bath and 33 ml cone. HCI was added drop wise followed by 170 ml MeOH 
and refluxed 7 h. The reaction mixture was cooled, 100 ml HsO was added and extracted with 
EtOAc. The combined organic phases was dried with MgS04. filtered and concentrated in vacuo. 
The residue was chromatographed (hexane/EtOAc 19: 1) to afford colourless oil 10.5 g (80%). 
»H NMR (CDCb) d 7.6 (m, 2H), 7.3 (m, 2H). 2.4 (s, 3H). "C NMR (CDCb) d 196.7 137.8 137.5 

15 132.8 130.1 127.7 127.0 21.0. 

2,4*-dimethyl-benzophenone. Procedure as above starting from 2-bromotoiuene and 4-methyl- 
benzonitrile. Colourless oil (77%). >H NMR (CDCb) d 7.7 (d. 2H, J = 8.2 Hz), 7.4-7.2 (m. 6H), 2.4 
(s, 3H), 2.3 (s, 3H) "C NMR (CDCb) d 198.0 143 8 138.7 136.2 134.9 130.7 130 1 129.8 129.0 
20 128.0 124.9. 

2-methoxy-2\5-<limethyl-beazophenone. Procedure as above starting from 2-bromo-4- 
methyl-anisole and 2-methyl-benzonitrile.THF used instead of toluene. Colourless oil (36%) >H 
NMR (CDCb) d 7.4-7. 1 (m, 6H). 6.8 (d. 1H, J = 8.0), 3.6 (s. 3H), 2.5 (s, 3H). 2.3 (s. 3H). '^C NMR 
25 (CDCb) d 198.3 156.0 139.2 137.7 133.0 130.9 130 6 130.0 129 5 129.0 126.0 124.9 11 1.7 55.6 20.5 
20.1. 

2-methoxy-4 , ,5-<limethyl-beozophenoiie. Procedure as above starting from 2bromo-4- 
methyl-anisole and 4-methyl-benzonitrile. Chromatographed in (hexane/EtOAc 9:1). colourless 
30 oil (56%). 'H NMR (CDCb) d 7.7 (m. 2H), 7.3-7 1 (m ( 4H), 6.9 (d. IH. J = 8.4 Hz). 3.7 (s, 3H). 2.4 
(s ( 3H), 2.3 (s, 3H). ,3 C NMR (CDCb) d 196.8 155.0 143.6 135.1 131.9 129.9 129 6 128.8 111.3 
108.7 556 21.6 20.2: 

(e) Synthesis of benzophenone via benzhydrole. 

35 

4,4'-dimethyl-beiizhydrole. To 3.6 g (150 mmol) MgHumings under 10 ml THF was added a 
Iodine Crystal and X A of 17. 1 g (100 mmol) 4-bromotoluene. The mixture was heated to 40°C and 
after a while the Gngnard reaction started The rest (3/4) of the 4-bromotoluene in THF was 
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added in such a rate to maintain reflux. After addition the reaction mixture was reflux for i h 
cooled u> 0°C and the remaining Mg-turnings was removed A solution of 12.3 g (103 mmol) 4. 
methyl-benzaldehyde in 20 ml THF at 0-C was dropwise added. After 2 h the reaction mixture 
was quenched w lt h 200 ml ice, temperature allowed to rise to room temperature and 25% H,SO« 
was added until solution was clear. The reaction mixture was extracted with DCM. The com- 
bined organic phases was dried with MgSO<. filtered and concentrated in vacuo The residue was 
recrystalised in heptane to. afford white solid 10.6 g (50%). Mp 64.65°C. 'H NMR (CDCh) d 7 2 (d 
4H. J = 8 1 Hz). 7. 1 (d. 411. J = 8.1 Hz), 5.8 (s. 1H), 2.3 (s, 6H). ^ NMR (CDCh) d 14 1 1 137 i 
129.1 126.4 77.5 21.1. 

4,4-dimethyl-beniophenoiie. To a suspension of 12.96 g (60 mmol) pyndinium chloro 
chromate in 60 ml DCM was added 6.36 g (30 mmol) 4.4' dimethyl.bfinzhydrole. The mixture was 
stirred 24 h and 240 ml diethylether was added. The reaction mixture was filtered 3X through 
silica gel and concentrated in vacuo to afford white solid 3.7 g (59%). Mp 92-94«C. 'H NMR 
(CDCh) d 7 7 (d. 4H, J = 7.9 Hz), 7.3 (d, 4H. J * 7.9 Hz). 2.4 (a. 6H). "C NMR (CDCh) d 196 2 
142.8 135 1 130.1 128.8 21.5. 

(f) Procedure for the Synthesis of methyl-methylphenyl-benzene 

2-methyl-<4Hnethylphenyl)4>enzen«. To a solution of 5.2 g (24 mmol) 2-Iodotoluene in 12 ml 
diethylether under an atmosphere of N 2 at -7fe>C was dropwise added 32 ml 1.5 M (48 mmol) tert- 
BuLi in hexane. The reaction mixture was stirred 1 h at -78°C and 1 h at room temperature 
followed by concentration in vacuo To the residue was added 16 ml THF at 0»C and the reaction 
mixture was dropwise added to a solution of 3.3 g (24 mmol) dry ZnCh in 12 ml THF under an 
atmosphere of N. at 0°C. The reaction mixture was stirred 1 h at room temperature, then added 
to a solution of 3.4 g (20 mmol) 4.bromo.toluene. 0.23 g (0.2 mmol) Pd(PPh,)4 in 20 ml THF under 
an atmosphere of Ht cooled in a water bath. The reaction mixture was stirred 16 h at 50>C. 
cooled and poured in a solution of 20 ml diethylether and 60 ml 4N HCI. The mixture was extrac- 
ted with 2*40 ml ether. The combined organic phases was washed with NaHCOj (sat ), dried 
with MgSO< and concentrated in vacuo to afford colourless oil 2.0 g (47%). <H NMR (CDCh) d 7 2 
(m , 8H). 2. 3 (s. 3H), 2. 2 (g, 3H). 

(g) Aromatic Side Chain Oxidation of methyl-groups 

Biphenyl-2,4^icarboxylic acid. To a solution of 5.2 g (33 mmol) KMnO« in 48 ml 50% 
pyridine (aq.) at 100»C was added 06 ml cone. NaOH and a solution of 2.0 g (1 1 mmol) 2.methvl. 
(4-methylphenyD benzene in 15 ml pyridine followed by 15 ml HaO. The reaction mixture was 
stirred 1 h and 5.2 g (33 mmol) KMnO, was added. This procedure was continued to a total of 
41.6 g (264 mmol) KMn(>4 was added. The hot reaction mixture was filtered and the filter cake 
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was washed with 4*30 ml HtO and 10 ml pyridine. The filtrate was cooled in a ice bath and 
acidified to pH = 1 with cone. HC1. Brine was added and the reaction mixture was extracted with 
4*150 ml EtOAc. The combined organic phases was concentrated in vacuo to afford white solid 
0.9 g (33%). Mp 270°C. >H NMR (DMSOda) d 10.9 (broad. 2H), 8.0 <d. 2H. J = 8.0 Hz). 7.8 (d. HI, 
5 J = 8 0 Hz). 7.6 (t. 1H. J = 8.0 Hz). 7.5 (t. 1H. J = 8.0 Hz), 7.45 (d, 2H, J = 8.0 Hz), 7.4 (d. 1H. J = 
8.0 Hz) »3CNMR(UMSO.ds)d 169.3 167.3 145.5 140.4 132 J 131.2 1305 129 5 129.1 128 6 128.6 
127.9. 

Benzophenone-2,2'-dicarboxylic acid. Procedure as above starting from 2,2'-dimethyl- 
10 benzophenone. White solid (69%). Mp 2G8-210°C. 'H NMR (DMSO-dc) d 8.7 (broad, 2H). 7.8 (d, 
2H, J = 6.6 Hz). 7 6 (m, 4H), 7.4 (d, 2H, J = 6,6 Hz). NMR (DMSO-ds) d 168.6 138.6 132.8 

131.1 130.8 129.3 128.9. 

Benzophenone-3,3*-dlcarboxyiic acid. Procedure as above starting from 3,3*-dimethyl- 
13 benzophenone. White solid (56%). Mp 33»>C (decomp). H NMR (DMSO-de) d 8.25 (s. 2H), 8.25 
(m, 1H), 8. 1-7.85 (m, 3H), 7.7 (m, 2H). i*C NMR (DMSO-ds) d 194.8 166.6 137.0 133.8 133.4 131.2 

130.2 129.3. 

Benzophenone-4,4'-dicarboxylic acid. Procedure as above starting from 4,4 -dimethyl* 
20 benzophenone. White solid (66%). Mp 355°C (decomp ). *H NMR (DMSO-de) d 8. 1 (d. 4H. J = 8.0 
Hz). 7 8 (d, 4H, J - 8.0 Hz). "C NMR (DMSO-ds) d 195.0 166.6 140.0 134.3 129.8 129.5 

Benzophenone-2,4'-dicarboxylic acid. Procedure as above starting from 2 r 4'-dimethyl- 
benzophenone. White solid (72%). Mp 241-243°C. 
25 >H NMR (DMSO-ds) d 8.0 (m, 3H), 7.7 (m, 4H). 7.5 (d, 1H. J = 7.6 Hz) "C NMR (DMSO-de) d 
1669 166.7 141.5 140.5 134.5 132.7 130.1 129.6 129.6 128.9 127.5 127.5 

2-Methoxy-benzophenone-2\5-dicarboxyiic acid. Procedure as above starting from 2* 
methoxy.2,5'.dimethyl.benzophenone White solid (64%). Mp 224-227°C ! H NMR (DMSO-ds) d 
30 8.2-8.0(01, 2H). 7.9-7.8 (m, 1H), 7.7-7.5 (m, 2H>, 7.3 (m. lH) ( 7.2(m. 1H), 3.6 (s. 3H). 'C NMR 
(DMSO-de) d 195.0 167.5 166.5 143.5 135.2 132.9 132.4 130.8 129.6 129.1 126.3 122.6 112 9 56.1 

Example 3 

35 Procedure for the synthesis of mono-allylated aromatic diacids 
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Bensophenone-2,2'-dicarboxylic acid monoallyl ester. To a solution of 1.08 g (4 mmol) 
Ben2ophenone-2.2'-dicarboxyhc acid in 90 ml DMF was added 0. 16 g (0.5 mmol) C82CO3. After 30 
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min. 0.34 ml {0,484 g, 4 mmol) allyl bromide The reaction mixture was stirred 24 h and 0 16 P 
(0.5 mmol) CsjCOa was added. This procedure was continued until a total of 0 .64 g (2 mmol) 
08,00, was added. After additional 24 h the react,on nature was filtered and chromatographed 
(CHCla/AcOH 99.1) to afford 0.52 g (42%). Mp 205.207o C . Unrcacted benzophenone-S.Z-d,. 
carboxylic acid 0 312 g (29%) was isolated for reuse. 'II NMR (CDCla) d 8.8 (broad. 1H) 8 0-7 
(m.8H). 6.0-5.7 (m. IH), 5.3-5. 1 (m, 2H), 4.7 (d. 2H, J = 7.0) "C NMR (CDCh) d 171 0 167 4 
139.3 138.8 135.0 131.9 131.4 131.4 131.1 130.2 129.7 1293 129.2 128.0 125.9 118.766.4. 

Be™ 0 phem>n-3,3'-d«carboxylic acid moooallyl ester. Procedure as above starting from 
benzophenone-3,3 -dicarboxyhc acid. White solid (42%). Mp 140- 143<>C. >H NMR (CDCh) d 8 5 (m 
2H). 8.4-8.3 (m.2H). 8. 1-7.8 (m, 2H), 7.7-7.5 (m. 2H). 6. 1-5.9 (m, IH). 5.5-5.2 (m 2H) 49(d 2H 
J = 7.0 Hz) .3 C NMR (CDCla) d 194.6 170.6 165.3 137 5 137.3 134.8 134.0 133.6 131 8 .31 5130 9 
130.6 130 2 129 8 129.7 128.9 128.8 1 18 6 65.9. 

Ben*ophenone-4,4»^licarbo«ylic acid moaoallyl ester. Procedure as above starting f rom 
benzophenone.^'-dicarboxylic acid. White solid (5ft). Mp 263«C (decomp). 'H NMR (DMSO-de) 
d 1 1.7 (broad. IH). 8.2 (m. 4H). 7.9 (m. 4H), 6.2-6.0 (m. IH). 5.5-5.3 (m. 2H), 4.9 (d. 211. J = 7 0 
Hz). 
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Benzopbeoone-M^icarboxylic acid moooallyl ester. Procedure as above starting from 
benzophenone 2.4'.dicarboxylic acid. White solid (64%) of the 2 isomers m ratio 7: 1 (2- 
allylester/4'.allylester). Chromatographed (CHClV MeOH/ tnethylamme 8: 1: 1) to afford pur* 
whue solid of 2-allylester (39%) (Mp 125- I27-C) and pure white sohd of 4'.allylester (6%) (mp 
1 19-120OC). 2-allylester: -H NMR (CDCla) d 10.8 (broad. IH). 8.2-8. 1 (m. 3H). 7.8 (d. 2H J = 8 4 
Hz). 7.4 (dd. IH. J = 7.4 Hz. J = 1.6 Hz). 5.7 (m. IH). 5.2 (m, 2H). 4.5 (d. J = 7.0 Hz) .30 NMR 
(CDCI,) d 196.2 170.8 165.3 141.0 140.9 132.8 132.6 131.2 131.0 130.8 130.2 129 9 129 0 128 9 
127.6 125.2 U8.7 66. 1 4-allyleater: -H NMR (CDCla) d 9.2 (broad. IH). 8. 1 (d. 3H J = 8 2 Hz) 
7 75 (d. 2H. J = 8.2 Hz), 7.7 (dt. IH. J = 7.5 Hz. J = 1.2 Hz). 7.6 (dt. IH, J = 7.5 Hz, J = l 2 Hz)' 
7 4 (d, IH. J = 7 5 Hz). 6. 1-5.9 (m. IH). 5 5-5.3 (m. 2H). 4.8 (d. J = 7 0 Hz). "C NMR (CDCla) d 
196.3 , 70 1 ,65.3 . 41.9 140.2 133.7 133.3 131.7 130 8 129.8 129.8 129.6 129.0 127 8 127 5 127 4 
lia5 65.9. 

Bi P henyl-2,2^dicarboxylic acid monoallyl ester. Procedure as above starting from 
biphenyl-^-dkarboxylic acid Colourless oil (35%). Bipheny|. 2 ^dicarbox y lic acid (40%) was 
isolated for reuse. <H NMR (CDCb) d 8.0 (m. 2H). 7 .6-7 .4 (m, 4H). 7.2 (d. 2H. J * 7 2 Hz) 5 7 5 6 
(n,, IH). 5.2-5.0 (m. 2H). 4.5 (d, 2H. J = 5.9 Hz). .»C NMR (CDCla) d 171.5 166.7 143.7 142 8 134 0 
132.0 131.7 131.4 130.5 130.3 130.1 129.9 129.2 128.4 127.2 118.0 65.4. 
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Naphthoic-2,6-dicarboxylic acid monoallyl ester. CS2CO3 (1 60n, 5 00 mmol) was added in 
two equal portions over 0.5 h to a solution of naphthoic-2.6-dicarboxyhc acid (2. 16g ( 10.0 mmol) 
m anhydrous DMF (97 mL). Allyl bromide (17.3 mL, 200 mmol) was then added and the reaction 
mixture stirred vigorously for 24 h. The same amount of CS2CO3 was then added in two equal 
portions over 8 h and the reaction allowed to proceed for a further 17 h The precipitate was 
filtered and rinsed with DMF (3 x 20 mL). The combined filtrate was then concentrated in vacuo 
and extracted with hot 50% MeOH/acetone (2 x 100 mL). After evaporation of the solvent, 
residual starting material was removed by silica gel chromatography (acetone/hcxane/llOAc, 
50/48/2) The resulting fractions which contained a mixture of the monoester and the diester was 
concentrated, redissolved in 10 % MeOH/dichloromenthane, and treated with Amberlyst A-26 
(hydroxide form) resin (24.0 g, 96 meq) for 17 h. The resin was then filtered and washed with 
fresh solvent (about 3 L) until no diester was detected in the effluent by TLC (CHCh/MeOH, 
HO Ac, 94/4/2). The monoallyl ester was then eluted with MeOH/dichloromethane/acctic acid 
(10:80: 10). After solvent removal, recrystallisation from acetone gave 3 as a fine colourless solid 
(0.77 g, 30 %); Mp 2I7-218°C. 8 (250 MHz, DMSO-de): 4.88 (d, 2H, CU 2 -CH=CH 2 , J = 5. 1 Hz), 
5.30 (m. I H. CH 2 -CH=CH 2 >. 5.45 (m, 1 H. CH^CH^Hg). 6 10 (m, III. CHs-CH=CH 2 ). 8.05 (m t 
2H, H4 and H8). 8.25 (d, 2H. Hi and H3. */=8.4 Hz), 8.70 (dd, 2H, H5 and 117, ,7=15 5, 3.9 Hz). 
Elemental analysis (C15H12O4): C: 69.77% (calcd. 70.3%): H: 4 51% (calcd. 4.72%). EIMS 
calculated for C15H12O4 256, found 256. 

Example 4 

Solid Phase Synthesis of Balanol Analogues 

The balanol libraries was synthesised using split synthesis -method. After each step the resins 
was mixed and swollen in a isopyenic mixture of 1,2-dichlorethane and DMF (2: l)and the resin 
was split for the next step in the synthesis. To analyse the contents attached to the resin, 11 was 
cleaved of the resin using a solution of 50% TFA in dichloromethane. 

Two dicarboxylic acids were used in step (A) (m=2), four aminoalcohols were used in step (B) 
(n=4), and four aromatic carboxylic acid were used in step (C) (o=4). Thus, a library having 
2*4*4=32 compounds was prepared. 

(A) Coupling of aromatic acids to a Wang resin 
(corresponding to step (A) in the general scheme) 

Phthalic acid and naphthalene-2,6-dicarboxylic acid as the internal anhydride and the monoallyl 
esters, respectively, were coupled to a Wang resin using 2 different methods. 
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Coupling of phthalic acid to a Wang Resin. 1.6 * (0.87 meq/g) Wang resin (polystyrene 
cross-lmked with 1% divinylbenzene from NovaBiochem) was swollen m 10 ml dry DMF and 
2.83 g (1.6 mmol) phthalic-anhydridc. 1.95 ml (1 425 g (14. 1 mmol) EuN and 0.2346 g (1.92 
mmol) DMAP was added. The reaction mixture was shaken for 4 days, then washed with 2' 10 
ml 30% MeOH in dichloromelhane and 4*10 ml dichloromethane. The resm was dried and 
analysed on HPLC Loading L = 0.66 meq/g. 

Coupling of naphthalene-2,6-dicarboxylic acid monoally] ester on Wang resin. 0.8 g 

(0 87 meq/g) Wang resin was swollen in 8 ml dry DMF and 0.321 g (1.25 mmol) naphthalene-2.6- 
dicarboxylic acid monoallyl ester. 0.412 g (1.39 mmol) MSNT and 0 443 ml (5.57 mmol) 1 -methyl- 
.midaiole (NM1) was added The reaction mixture was shaken 4 days and washed wuh 2*10 ml 
30% MeOII in dichloromethane and 4-10 ml dichloromethane. The resin was dried and analysed 
on HPLC. Loading L = 0.87 meq/g. 



Deallylation of the immobilised oapfath«lene-2,6Hiicarbo*ylic acid allyl ester. To a 5% 

HOAc and 2.5% NMM solution in 15 ml CHCfe was added 2,4 g (2.09 mmol) Pd(PPh 3 )< under 
Argon. The mixture was shaken 10 min. and 0.8 g (0.87 meq/g. 0.696 mmol) mono-allvlated resm 
was added under Argon. The reaction mixture was shaken 18 h and washed with 6*15 ml 0.5% 
20 DIPEA. 0 5 sodium-diethyl-dithio-carbaniate in DMF for each 10 min. and 3*15 ml 
dichloromethane. The resin was dried and analysed on HPLC. Loading L = 0.83 meq/g. 

Coupling of N-Fmoc-aminoalcohols on -COOH functionalised resin 
(corresponding to step (B)) 



Four different N-Fmoc-aminoalcohols were used. 

<rans-N-Fmoc-4-amino-l<yclohexanol. 0.4 g (0.87-0 66 meq/g) -COOH functionalised resin 
was swollen in 5 ml dry dichloromethane and a solution of 0.27 g (0.8 mmol) Iro/w-N-FnuxM- 
amino- 1 -cyclohexanol in 5 ml dry dichloromethane was added. The reaction mixture was shaken 
2 mm. and 0.237 g (0.8 mmol) MSNT and 0.254 ml (3.2 mmol) NMI was added. After 4 days the 
reaction mixture was washed with 10 ml dichloromethane, 10 ml of 30% MeOH in DCM. 10 ml 
DMF and 2*10 ml DCM. The resin was dried and analysed on HPLC to identify the two 
products. 

N-Fmoo.l-amino-2-propanol. Procedure as above using 0.238 g (0.8 mmol) N-Fmoc.l-am.no-2- 
propanol The two products was identified on HPLC. 
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N-Fmoc-2-amino-l-butanoL Procedure as above using 0 249 g (0 8 mmol) N-Fmoc-2-amino-l. 
butanol. The iwo products was identified on HPLC. 

iN-Fmoc-3-amino-l-propanol. Procedure as above using 0.238 g (0.8 mmol) N-Kmoc3-amino.|- 
propanol The two products was identified on HPLC 

Coupling of benzoic acid derivatives on -NHi functionalised resin 
(corresponding to step <C» 

Four different benzoic acids was used. 

Diisopropylethylammonium salt of 4 ( 4 , -Dimethoxytrityl-oxymethyl-benzoic acid. 0.4 g 
(approx. 0.6 meq/g) -NH-Fmoc functionalised resin was washed with 2*10 ml 20% pipendine in 
DMF 2*40 min and 3*10 ml DMF. The resin was swollen in 7 ml dry DMF and 0.584 g (1.0 
mmol) diisopropylethylammonium salt of 4,4'Dimethoxytrityl-oxymethyl-benzoic acid was added 
followed by addition of 0.520 g (1.0 mmol) PyBOP, 0 135 g (10 mmoD HOBT and 0.33 ml (2.0 
mmol) DIPEA. After 4 days the resin was washed with 2*10 ml DMF, 2*10 ml 30% MeOH in 
DCM and 2*10 ml DCM for each 10 min. 

4-nitro*benzoic acid. 0.4 g (approx. 0.6 meq/g) -NH-Fmoc functionalised resin was washed 
with 2*10 mi 20% piperidine in DMF 2*40 min. and 3*10 ml DMF. The resin was swollen in 7 ml 
dry DMF and 0. 167 g (1.0 mmoD 4-nitrobcn2oic acid was added followed by addition of 0 520 g 
(1.0 mmol) PyBOP, 0. 135 g (1,0 mmol) HOBT and 0.33 ml (2.0 mmol) DIPEA After 4 days the 
resin was washed with 2*10 ml DMF, 2*10 ml 30% MeOH in DCM and 2*10 ml DCM for each 10 
min. 

4-methoxy-bensoic acid. Procedure as above using 0 152 g (1.0 mmol) 4-methoxybenzoic acid. 

3-fluoro-benzoic acid. Procedure as above using 0. 140 g (1.0 mmol) 3-fluoro-benzoic acid 

Cleavage of the combinatorial library from the Wang resin 
(corresponding to step <D)) 

In order to implement this synthesis on solid-phase, the outcome and optimisation of the key 
coupling reactions were followed by a cleaue-A-anolyse technique. Following this cleave-&- 
analyse technique, approximately 5 mg resin was weighted on an analytical balance and cleaved 
by trifluoroacetic acid (TFA)/dichloromethane (DCM) (1:1, v/v), evaporated (Speed- Vac 711 ), 
redissolved and quantified by reverse-phase HPLC pre-calibrated using minimum three 
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standard concentrations The products were cleaved by TF.VDCM (11. v/v) when a Wang-type 
resin was applied for the synthesis of the combinatorial library and analysed using diodo-array 
HPLOUV (Hitachi) and HPLC-MS (Perkin-Elmer. Sciex) to identify the constituents of each of 
the four sub-libraries 



The 4,4'-DimethoxytrityI-oxymethyl.benzoic acid batch. The DMT protecting group was 
removed by washing with 4*10 ml 3% dichloroaceuc acid in DCM followed by wash w.th 4"10 ml 
DCM. The resin was dried and analysed on HPLC (LC-MS) and 6 of the 8 theoretically 
obtainable balanol analogues were identified. 

The 4-nitro-benzoic acid batch. The resin was dried and analysed on HPLC (LC-MS) and 7 of 
the 8 theoretically obtainable balanol analogues were identified. 

The 4-methosy-benaoic acid batch. The resin was dried and analysed on HPLC (LC-MS) and 
7 of the 8 theoretically obtainable balanol analogues were identified. 

The 3-fluoro-benioic acid batch. The resin was dried and analysed on HPLC (LC-MS) and 7 
of 8 theoretically obtainable balanol analogues. 

In the sub-Iibraries above, i e. the 4,4'.Dimethoxytrityl-oxymethy|.ben«>ic acid batch, the 4-nitro- 
benwjic acid batch, the 4-methoxy.benaoic acid batch, and the 3-f1uoro.ben20ic acid batch. 6. 7. 7, 
and 7 balanol-structures, respectively, were identified as distinct peaks in the LC-UV/MS 
analyses. The remaining five balanol analogues containing either one of the isomeric building 
blocks 1 .amino.propan-2.ol or 3-amino-propan- 1 -ol were not observed in the analysis of the 
library. Several reasons can be proposed to account for this observation where prestation of 
individual library members or ce-elution in HPLC are very likely possibilities. 
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CLAIMS 

1 A method for the preparation of a compound of the following general formula I: 

K.C(=0)-A.C(=0)-L'.B-L2-C(=0)-D 1 

wherein 

K-C(=0)- designates a carboxy group or a derivative thereof; 
each of A and B designates an organic biradkal; 

each of L 1 and L 2 independently designates -NR 5 - or -0-. wherein each R 6 independently is 
selected from hydrogen, optionally substituted Gwalkyl, optionally substituted Ciw 
alkenyl, optionally substituted G 20-aikadienyl, optionally substituted Ci2o-alkatrienyl, 
optionally substituted aryl. and optionally substituted heteroaryl, or R 3 designates an 
additional bond to B (whereby B becomes a thradical); 

D designates optionally substituted aryl or optionally substituted heteroaryl; 

comprising the following steps 

(A) providing an optionally functional group protected moiety -C(=0)-A-C(=0)-M 1 
immobilised to a solid support material, wherein -C(=0)-M' designates a carboxy group or 
a derivative thereof; 

(B) coupling an optionally functional group protected difuncuonal entity L ,l -B*L' 2 to the 
•C(=0)-M» end of the immobilised moiety -C(=0)-A-C(=0)-M» for the formation of an 
optionally functional group protected immobilised fragment -C (=0) - A- C(=0) - L 1 • B- L ,J! ; 

(C) coupling an optionally functional group protected entity D-C(=0)-M a . wherein C(=0)- 
M 2 designates a carboxy group or a derivative thereof, to the I/ 2 end of the immobilised 
fragment -C^VA-CCOVU-B-L' 1 for the formation of an optionally functional group 
protected immobilised compound -C^VA-CC^OVL'B-Li-C^OVD, the step optionally 
including deprotection of any protection group involved in L'*; and 

(0) cleaving the compound K-CH^-A-C^VL^B-Li-C^C^-D from the solid support 
material, the step optionally including deprotection of one or more functional group(s) 
attached to A, B, and/or D. 
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2 A method according to claim 1 wherein ihe organic biradical -0(=0)-A.C(=0>. is an aliphatic 
biradical of the formula 

-C(=0).(CR*R<)„.C<=0). 

5 

wherein n is 1-20, preferably 1-12. in particular 2-8, and 

where each of R3 and R* independently ■« selected from hydrogen, optionally substituted C, «- 
alkyl. optionally substituted (Walkcnyl, optionally substituted C, i-alkad.envl. optionally 
10 substituted CM-alkatrienyl, hydroxy, oxo (thereby forming a keto or aldehyde functionality) 
-O-RB, formyl. -C(=0)-R« -0. C (=0).R«. carboxy. -C(=0).0-Rc. opUonally substituted heteroaryl 
optionally substituted heteroaryloxy. optionally substituted aryl. optionally substituted aryloxy 
halogen such as fluoro. chloro, bromo. and iodo. nitro. cyano. -N(R5) t . -Nfln-CO-R'. carbamoyl 
mono- or di(C„-alk y l)aminocarbonyl, sulphanyl, optionally substituted C, s-alkylthk,, optionaUy 
15 substituted C^alkylthio-C^alkyl, (optionally subsUtuted aryl)thio, guanidino. sulphono 

(-S0 3 H). sulphino (-SO*), halosulphonyl. .0S(O)„.R* where m is 2 or 3. .N(R0S(O) m -R« where m 
is 2 or 3. .S(OVN(R>), where m is 2 or 3. -S^-NH^ where m is 2 or 3. .S(0) m .NH 3 where m 
.8 2 or 3. isocyano. isothiocyano. thiocyano. -OP(0) P (R6), where p is 1, 2, or 3, q is 1 or 2 and p+q 
is 3. 4. or 5, and -N(R W 0) p (R«), where p is 1. 2. or 3. q i, 1 or 2. and p+q is 3. 4. or 5- wherein 
20 each R» and each R« independently is selected from hydrogen, optionally subsUtuted C, ».alkyl 
optionally substituted C, *,alkenyl. optionally substituted C^alkadienyl. optionally subsUtuted 
Ce. M .alkatnenyl. optionally substituted aryl. and optionally substituted heteroaryl; and each R> 
■s selected from hydrogen and C.-alkyl; where at the moat 5. preferably at the moat 3. of the 
substituents R* and R* are different from hydrogen; or 

25 

a biradical as illustrated in Figure 1 and 2. wherein X is selected from the group consisting of 
>NR» >NR -0-. -S, -Se- -Te, -CR.R., >O0. >C=S. and Y'. Y*. R« and R a each independenUy 
designate substituents as defined as optional subsUtuent for aryl and heteroarvl (see above) or 
Y. together with -Y* may form a buccal which together with the atoms located between those 
30 subsutuents. form(s) a 4-. 5, 6, 7- or 8-membered rmg which may be an optionally substituted 
non-aromauc carbocydic or heteroaromatic ring or an opUonally substituted aromatic or 
heteroaromaUc rings; and each Z' and Z* independently designates =N-. =N-R*- 

3. A method according to claim 1 or 2. wherein the organic biradical -U-B-L*. is an aliphatic 
35 biradical of the formula 

•L'-(CR»R«VL«. 



where L'. L», R». R« and n are as defined in claims 1 and 2; 
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an aliphatic or aromatic amino alcohol as illustrated in Figure 3, wherein X is selected from the 
group consisting of >NR« >NH, -0-, -S-, -Se-, Te-, -CR'R*., >C=0, >C=S, and Y* s Y*. K 1 . and R* 
each independently designates optional substituents; or Y' together with Y 2 may form a biradical 
which together with the atoms located between these substituents. form(s) a 4-. ">-, fr. 7- or 
8-membered ring which may be an optionally substituted non-aromatic carbocyclic or 
heteroaromatic ring or an optionally substituted aromatic or heteroaromatic rings; and each Z 1 
and Z 2 independently designates -N-, =N*R*-. 

4 A method according to any of the preceding claims wherein one of L 1 and L 2 designates -O- 
and the other designates -NR 6 -, wherein R 6 designates hydrogen, Cn-alkyl or an additional bond 
to B. 

5. A method according to any of the preceding claims, wherein K designates OH. 0". OR", NH2. 
NHR, or NRR\ in particular OH, methoxy, or NHt, where R and R* are selected from Ci e-alkyi 
and benzyl, and R" is selected from Ci e alkyl, C2 ealkenyl, phenyl, and benayl 

6. A method according to any of the preceding claims, further comprising a step (E) performed 
after the step (D), where the step (E) comprises conversion of one compound of the general 
formula I to another compound of the general formula I 

7. A method for the preparation of a multi-dimensional array of compounds, {A}-{B}-{D}. 
consisting of at least four compounds each having the general formula 1 

K.C(=0)-A-C(=0).L'-B-L 2 -C(=0)-D j 

wherein 

K-C(=0)* designates a carboxy group or a derivative thereof; 
each of A and B designates an organic biradical; 

each of L 1 and L* independently designates -NR 5 - or *CK wherein each R 5 independently is 
selected from hydrogen, optionally substituted Cuo-alkyl, optionally substituted Ci 20- 
alkenyl, optionally substituted G 20-alkadienyl, optionally substituted G 20-alkatnenyl, 
optionally substituted aryl, and optionally substituted heteroaryl, or R 3 designates an 
additional bond to B (whereby B becomes a tnradical); 

D designates optionally substituted aryl or optionally substituted heteroaryl; 
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comprising 

(A) prov.dmg an array (A) of m opuonally functumal group protected mo,eues .C(=0). A . 
C(=0)-M- .mmcbilised to a sohd support material, wherein -C(=0)-M. debates a carboxv 
group or a derivative thereof 

5 (13) coup.xng an array {13} of n opuonally funcUonal group protected duunchonal rntit.es 

to the -C(=0).M. end of the immobilised mo,eties -C(=0). A .C(=0).M- for the 
format,™ of an array <AMB> of nvn optionally funcUonal group protected .mmobihsed 
fragments •C(=0).A-C(=())-L'-B L , 2; 

10 (C) couphng an array {D} of o opUonally functional group protected enfues D-C(=0).M 2 

wherem . C (=0).M* designates a carboxy group or a derivative thereof, to the L* end of the 
•mmobilieed fragments .CKft.AWLuB.Li for the formation of an array <AMB H D> of 
m-n-o opuonally functional group protected immobilised compounds C(=0)-A-C(=0).I i-B 
^.C(=0).D, the step optionally including deprotection of any protection group involved in 

15 I;?; and 

(D) cleavmg the array (AMBMD) of compounds K.C(=0).A.C(=0).LuB.LM;(=0). D from 
the solid support material, the step opuonally including deprotection of one or more 
funct>onal group(s) attached to individual As, Bs. and/or Ds 

20 

with the proviso that nvn-o ,s at .east 4. preferably in the range of 6-200, more preferably in the 
range of 6- 100, in particular in the range of 8-64. 

8 A method according to claim 7. whcrem the organic b.radical .C(=0).A.C(=0). ,s as defined ,n 
25 claim 2. 

9. A method according to claim 7 or 8, wherein the organ,c biradical .L'-B-L*. ,s as defined in 

claim 3. 

30 10. A method according to any of the cla,m, 7-9, wherem one of L' and U des,gnate S -O- and the 
other des.gnates -NR.-, wherein R 8 designates hydrogen, C„-alkyl or an add.uona. bond to B. 

1 1 A method according to any of the claims 7-10, wherein K designates OH, O". OR" NH a NHR 
or NRR', ,„ particular OH, methoxy. or NH 2 . where R and R* are selected from C, valkyl and 
35 benzyl, and R" is selected from C, a-alkyl, C.-alkenyl. phenyl, and benzyl 
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12. A method according to any of the claims 7-11. further comprising a step (E) performed after 
the step (D), where the step (E) comprises conversion of at least some of the compounds in the 
array of compounds of the general formula 1 to other compounds of the general formula 1. 

5 III. The use of an array of compounds according to any of the claims 713 for screening purposes. 

1 4. The use of a compound prepared according to a methods defined in any of the claims 1 -6 or 7- 
13 as a medicament. 
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